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The Port of Cadiz 

The prosperity of nearly all Spanish ports has in the last two or 
three decades suffered severe setbacks and, perhaps, the Port of 
Cadiz more than any other. Geographically, it is well placed in 
the south west corner of Spain, fifty miles west of Gibraltar, and 
offers a suitable calling port for Atlantic traffic. There is a fine 
roadstead in the crescentic Bay of Cadiz, sheltered from the south 
west gales by the narrow five-mile long rocky peninsula on which 
the city itself stands. In the heyday of its past glories, this natural 
harbour was frequently visited by Spanish galieons with cargoes 
from the West Indies, which provided riches for Drake, Haw- 
kins and other corsairs of those lively days. 

The port lies on the eastern side of the peninsula adjacent to 
the main thoroughfares of the city and, for the last five years, the 
port engineers have concentrated their energies and resources on 
modernising the whole of the equipment, structures and installa- 
tions, as described in the leading article of this issue. The 
Administration thereby hopes to re-establish Cadiz as the most 
important port of South Spain. It is to be noted that the autho- 
rities have boldly applied logical measures of improvement to 
present-day needs, and have cut across traditionai customs which 
have hitherto hampered operations in port working: for example, 
the complete exclusion of strolling sight-seers from the quaysides 
and operational premises, and the strict enclosure by fencing of 
the different sections and traffic lanes. 

The port has been autonomous since 1902 and has undergone 
during the period since then a number of lean years until, in 1949, 
an economic change began and new works were commenced to 
attract further trade. The upward trend has continued as the new 
developments have been brought into use. 

The road and rail traffic problem from Cadiz to the hinter- 
land, Madrid, Seville, etc., is difficult. The only land communica- 
tion with the mainland lies along the narrow neck of the isthmus 
to the south of the city for just short of five miles and then 





ie sweeps inland. When the main pert is in full operation and the 

ss new Freeport Zone at Puntales is established, great demands will 

4 be made upon the existing facilities, and to avoid a severe bottle- 

i — _— schemes of remedial measures are being urgently 
studied. 


Another heavy burden upon the port is the considerable cost 

of protecting the west coast of the peninsula. The engineers 

have devised massive protection walls to prevent the ingress of 

4 the Atlantic and they have great confidence that these remedial 
measures will prove entirely successful. 


a The National Dock Labour Scheme 

It is no secret that most port operating organisations in this 
country do not like the existing arrangements for providing the 
labour force for their industry. From time to time the National 
Dock Labour Scheme has been the subject of inquiry, the most 
recent one being conducted early in 1956 by Mr. Justice Devlin. 
_The Devlin Committee’s fundamental finding was that the pro- 
visions of the Scheme were satisfactory and that all that was 
necessary was for the Employers and Trades Unions to embrace 
the Scheme as an active working partnership. In view of the 
variety of conflicting roles which the Union Officials are called 
upon to play in this Scheme, however, this view was idealistic. 

As reported in an article on page 326 of this issue, the Minister 
of National Service was asked in Parliament in December last 
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Editorial Comments 


what conclusions he had drawn from his study of the Report. 
In brief, his reply was that he supported all its recommendations. 

Although this is the action expected of the Minister, it is true 
to say that those organisations actually trying to operate the 
Scheme on ship discharging and loading berths, know that they 
will often have to make unjustified concessions if peace in the 
industry is to be maintained. 


Caissons and Gates for Modern Dry Docks 


In continuation of our series of articles on the various aspects 
of the design and construction of modern dry docks, we present 
this month a contribution entirely devoted to the subject of cais- 
sons. This information will be supplemented in our February 
issue by a discussion on dock gates and the ancillary machinery 
required. 

The author of the present article has developed the presen- 
tation of his subject by a description of a large graving dock 
and entrance lock incorporating caissons, and uses this example 
to illustrate the two main types of caisson, namely, the floating 
or ship type and the sliding or rolling type. A particularly inter- 
esting feature of the article is the inclusion of the principal 
calculations invoived in the design of a floating caisson. 

Suez Surcharge Complications 

The December issue of this Journal had just gone to press when 
the decision of the United Nations to impose a surcharge on 
Suez Canal dues to pay for the cost of clearance became known. 
As was expected, Mr. Hammarskjold’s proposal of a 3 per cent. 
levy was accepted, but that is not the end of the story. The 
Communist bloc of countries represented on the General Assem- 
bly roundly declared that they would not abide by the majority 
decision. That means, apparently, that the 3 per cent. will have 
either to be proportionately increased over the remaining users 
of the Canal, or the term of years during which the surcharge 
will be imposed (estimated at three) will require to be extended. 
In any case, as there are no sanctions behind the decision, it will 
depend on the goodwill of those using the Canal as to whether 
they pay or not, so that the position is still confused. The British 
spokesman at the meeting admitted that he voted for the resolu- 
tion with reluctance, but thought the least inequitable method of 
payment for the clearance was for those to pay who stood to gain 
most by the free operation of the Canal. This was also the point 
of view of the American delegate; the decision, he said, meant 
‘only a small individual charge ” to each of the users and placed 
the burden on countries which used the Canal most. 

Apart from the suggestion that because something is little the 
question of right or wrong does not arise, both these delegates 
seemed to think that the levy can be passed on to the consumer. 
But shipowners will find that this solution is impracticable and 
that they will have to absorb the surcharge into their voyage 
accounts, unless they can impress on their Governments the un- 
fairness of placing the whole burden on their shoulders and thus 
making them the scapegoats for something for which they were 
not responsible. British shipping interests will have to pay about 
40 per cent. of the cost. The plan is that the money shall be 
raid by all the shipping using the Canal into a special United 
Nations account. The fund will be used to reimburse the eleven 
countries who contributed to the clearance operations. __Inci- 
dentallv, Britain, with France, lightened the task of the United 













Nations salvage teams by providing salvage crews of their own, 
working under United Nations supervision. Are they, also, to 
be reimbursed for services rendered ? 


The Properties of Coastal Waves 

A report has recently been issued by the Japanese Transpor- 
tation Technical Research Institute upon the properties of ocean 
waves occurring on the Pacific Coast and on the Japan Sea Coast 
of Japan. The report is based upon observations taken over the 
last four years at two points off both east and west coasts of that 
country and is intended to provide data to assist in the design 
of harbour and coastal engineering works. The results are of 
practical value principally to port engineers on or near these 
shores, but the type and format of the observations are of gene- 
ral interest and a note upon them is included in this issue. 


Development of Indian Ports 

In our issue for September last, we referred to the serious con- 
gestion and delays in turn-round of shipping at the major ports 
of India owing to the increased volume of trade during the last 
few years. 

In order to find means of alleviating the position, a British 
Mission, led by Sir Eric Milbourne, has recently surveyed the 
ports of the country and has made a number of recommendations 
to the Government of India. In its official report, it has pointed 
out that the four largest ports, Bombay, Calcutta, Madras and 
Vizagapatam, have neither the capacity at present nor room for 
extensive expansion in the future. 
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Development works are being undertaken under the s«-ond 
Five-Year Plan at all these ports to provide additional fac ities 
but, in view of their physical limitations it is suggested t at a 
further major port should be constructed. The trade hand! d at 
these ports during 1956-57 was as follows: Calcutta 8,90 ,000 
tons; Bombay 12,200,000 tons; Madras 2,600,000 tons; Vi aga- 
patam 1,500,000 tons. 

The first step in solving the congestion problem is to incase 
the rate of flow of cargo through the ports in such a way that 
goods from the ships to areas of consumption, or from sources 
of origin to the ships, are handled in the most expeditious ‘nan- 
ner. For this, it is suggested there should be, first of al’, an 
examination of the present methods and processes of cargo hand- 
ling in order to devise ways in which they might be improved, 
and secondly, the acquisition of suitable mobile equipment from 
whatever source it might be immediately available. While these 
recommendations would, if adopted, alleviate the present situa- 
tion, a major contribution could be made only by the installation 
of mechanical handling facilities for bulk cargoes such as grain 
and mineral ores. 

The overall long-term solution for increasing cargo handling 
capacity is, of course, the provision of additional berths. The 
Government of India has sent a purchasing mission to the 
United Kingdom and Europe to obtain as expeditiously as pos- 
sible the cargo handling and other equipment required imme- 
diately, but this, at best, can be only a palliative. The total value 
of these purchases will be about Rs. 10 million (£750,000). 





Topical Notes 


1957 Traffic Through the Port of Hull 


The total tonnage of cargo passing through the Port of Hull 
during 1957 was 9,072,383 compared with 9,270,268 in 1956, a 
decrease of just over 2%. Inward totals were 5,446,194 tons in 
1957 and 5,563,697 tons in 1956, the difference representing a 
little more than a 2% decrease. Outward traffics included 
2,118,166 tons of coal, coke and patent fuel, a figure 95,701 tons, 
or 4.3% lower than last year, but other outward cargo at 
1,508,023 tons was 1% higher. 

Over the year increases in inward traffic were shown in res- 
pect of timber, ores, food and provisions, pitwood and mining 
timber, building and road-making materials and oil and spirit. 
The chief decreases were in iron and steel, fish landings, fruit and 
vegetables, coal, grain, chemicals and chemical fertilisers and 
molasses. Outward traffics produced higher tonnages of vehicles 
and vehicle parts, building and road-making materials, provisions 
and iron and steel goods but lower figures for coal, coke and 
patent fuel, grain, oil and spirit, and machinery. 

Vessels arriving numbered 5,075 with a net register tonnage 
of 5,363,320, compared with 4,939 vessels of 5,379,961 tons. In 
addition, arrivals of fishing vessels totalled 2,145, of 449,773 tons, 
compared with 2,305 vessels of 450,363 tons. 


Centenary of the Mersey Docks and Harbour Board 


To mark the centenary of the Mersey Docks and Harbour 
Board, the following special statement was made by Mr. M. 
Arnet Robinson, the Chairman, at a meeting of the Board held 
early this month. 

“We meet today almost 100 years from the date upon which 
the first Meeting of the Board took place, that day being the 5th 
of January, 1858. It will be recalled that the Board which met 
on that day was constituted by Parliament following a long period 
of dispute and divided opinion in the Merseyside communities 
and the regions which the port served. 

“The Board which emerged was no longer a committee of the 
Municipality but a body primarily elective and representative of 
users of the port together with nominees of the Government. 
They were, however, fortunate in inheriting from the Corporation 
installations of the first magnitude and a trade which had been 
built up by generations of Liverpool shipowners and merchants. 

“The names of some of those who served on the first Board 





will be familiar to you—Charles Turner, their Chairman, Brockle- 
bank, Laird, Inman and others. It was a vastly different trading 
world with which those gentlemen had to contend. The vessels 
using the port were actually greater in number than we have to- 
day but their tonnage was only one-sixth of that which passes 
up our channels now. It was a very different Dock Estate, an 
estate with an atmosphere of space in and around it, and with 
very little mechanical aids. The political scene was unlike that 
of today. The Indian Mutiny had just been overcome but other- 
wise something of the calm of the Victorian era surrounded the 
Board and many of our modern anxieties were absent from their 
minds. Much ground has been covered since that time; there 
have been many developments and many great names have been 
associated with those developments. 

“We embark on the next century with our minds much occu- 
pied with problems, with great commitments and many tasks that 
are still incomplete. But of one thing I am sure, that this Board 
and its officers will not fall short of the courage, imagination and 
endurance of their predecessors.” 


Trade at the Port of Bristol in 1957 


The total tonnage of cargo handled by the Port in 1957 was 
6,418,998 tons, compared with 7,193,567 tons in 1956. This 
decline is almost wholly attributable to a recession in the grain 
and refined petroleum trades. A lower level of foreign imports 
in these two commodities is accentuated by complementary 
reductions in the inward and outward coastwise figures. 

Putting aside the substantial decline in grain and petroleum, 
foreign imports of general cargo increased despite the disturbance 
caused by world events, the closure of the Suez Canal until May 
and the trend in the national economy towards the restriction 
of foreign imports. 

The decrease in coastwise imports is mainly due to lower ship- 
ments of coal in addition to petroleum; the decline in the former 
being accounted for by increased rail supplies at Portishead and 
the fact that coal bunkering at Avonmouth Docks has practically 
ceased. 

Foreign exports showed declines in clay, coke, strontia, alumin- 
ium, iron and steel, and ores. Exports of motor cars were at about 
the same level. Coastwise exports of metals and timber declined, 
but the export of phosphates increased. 

Industrial developments in and around Avonmouth Docks 
make it possible to look forward to increased trade in import 
and exports in future years. 
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By Dr. MARCIANO MARTINEZ CATENA 





Port of Cadiz 


Improvement and Modernisation 


(Public Works Engineer and Engineer Director of the Port) 


ated a national plan of reconstruction 

and improvements of Spanish ports. 

Due mainly to lack of funds, there has 
been no new construction work undertaken 
for a long period and the maintenance of 
the existing installations had been ineffici- 
ent. Furthermore, the equipment in use 
had not only become inadequate but had 
been overworked, neglected and, in several 
cases, destroyed. 

The want of resources, together with the 
scarcity of construction materials, difficul- 
ties of transport and the costliness of the 
auxiliary equipment, so vital in maritime 
works, were all conducive to a grave situa- 
tion which forced the ports to carry on a 
day to day existence and brought with it a 
consequent breakdown in the national 
economy. 

This general situation, common to all 
Spanish public works, was aggravated in 
some ports by destruction during the Civil 
War, and the adverse conditions were pro- 
longed by the Second World War and the 
consequent political and economical block- 
ades imposed upon Spain. 

The Port of Cadiz was one of those 
which had fallen into a most deplorable 
state. The difficult situation was worsened 
by the catastrophic explosion in the port 
in 1947, which destroyed nearly all the re- 
maining installations, leaving a wilderness 
of rubble and twisted metal. 

The Government therefore granted prior- 
itv to Cadiz in the National Port Plan and, 
in 1949, the layout and the extent of the 
works were agreed and construction began. 
There existed at that time several construc- 
tions on which work was started in earlier 
years, but which had been left in a half- 
finished state. They had consequently 
deteriorated considerably. The south quay 
walls at the heads of the Moret and the 
Fish docks, and the dry dock basin were 
non-existent except for a short length 
(300-ft.) of the Generalissimo quay, called 
at that time the “ City Quay”: the break- 
waters of the rubble mounds were inade- 
quate to give the necessary shelter from 
gales to the greater part of the harbour ; 
the approach channels and the docks did 
not have sufficient depth of water; existing 
quays were in disrepair and existing instal- 
lations lacked equipment. The large dry 
dock, the biggest in Spain, was almost 
completed but as the depth of water in the 
pproach channel was not sufficient, it 

uld not be used. 

In these circumstances it will be appreci- 
‘ied that, to be effective economically, the 
roposed scheme of new works could not 

divided into sections for successive im- 


L: 1946, the Government of Spain initi- 


(Translated from the Spanish) 





provement, but had to be tackled as a 
whole and with urgency. It was therefore 
considered advisable to regulate the pro- 
gress of the scheme as follows: 

(1) The construction of efficient break- 
waters to ensure adequate shelter with- 
in the harbour. 

(2) An extensive dredging programme to 
ensure an ample depth of water in the 
harbour and approach channels. 

(3) The complete co-ordination of the ser- 
vice zones. 

The main traffic requirements of Cadiz 
comprise four distinct sections; these are: 
(a) Transatlantic section—Passenger traf- 

fic—Moret Dock, N.W. 

(b) Commercial section — Bulk cargo and 
goods traffic—Moret Dock, S.E. 

(c) Fishery section—Fish curing and dis- 
tribution—Fish Dock. 

(e) Repair section Diversified heavy 
materials trafic—Dry Dock Basin. 

On this basis, briefly the works com- 
prised: 

(i) The construction of 2,200 yards of 
breakwaters in two arms with an 
entrance 1,150-ft. wide; the strength- 
ening of 950 vards of the existing 
rubble mound breakwater at a cost 
of 250 million pesetas; enclosing a 
floating zone area of 312 acres (see 
Fig. 1). 

(ii) The dredging of the outer harbour 
and the Moret Dock to a depth of 
33-ft.; the dredging of the Fish Dock 
to a depth of 19.7-ft.; and the dredg- 
ing of the Repair Basin to a depth of 
31-ft.; all dredging levels related to 
L.W.O.S.T. and carried out at a cost 
of 145 million pesetas. (Volume to 
to be removed, 8,000,000 cu. yards.) 

(iii) The construction of a total length of 
1,310 vards of quay walls including 
rubble mound sub-foundation and 28 
acres of quay apron backfill of sand, 
at an estimated cost of 100 million 
pesetas. On completion of the work, 
Cadiz will have an overall length of 
3.2 kilometres of quayside berths. 

(iv) The general equipment of these major 
works, i.e., buildings, sheds, service 
roads and rails, pavements and ser- 
vice installations of water, oil, lighting 
and power, sanitary systems, etc. was 
estimated to cost 100 million pesetas. 

At the present time, items (iii) and (iv) 
are completed, item (i) is about 50 per cent. 
complete and item (ii) nearly 75 per cent. 
complete. 


Port Services 


In planning the four sections of the port 
activities and the boundaries of the zones 


they should occupy, much consideration 
was given to the problem of free access to 
and from the public roads and railway on 
foot or by vehicle. The solution was to 
construct a ring road within the boundary 
fence from the west to the east breakwaters 
(see Fig. 1) with direct branches to each 
section. 

The four sections were separately en- 
closed by division fencing and all four were 
surrounded by the port boundary fences. 
Access gates between sections were Suit- 
ably located, should they be needed, and 
access from the public road was provided 
at the control point near the railway 
Station. From the ring road there are 
branch roads into each section so that there 
is no mixing of section traffic in any zone 
(Fig. 2). 

The separation of the sections by fencing 
with controlled access is unpopular with 
the local people. It has been a tradition 
in the past to use port service zones as pub- 
lic promenades with the result that con- 
siderable pilfering and damage to plant and 
goods occurred, in addition to the obstruc- 
tion caused to commercial operations. 

The rail tracks follow as closely as pos- 
sible the same arrangement as the roads. 
Much has been gained by this layout of the 
port service roads and railway tracks; it is 
direct, simple and free from interference by 
unauthorised traffic. 

The Commercial, Fish and Repair Docks 
are now completed and in full use. The 
dredging is proceeding satisfactorily and 
work on the breakwaters is progressing 
according to programme. It is therefore 
estimated that, should nothing untoward 
occur, the full scheme will be completed 
shortly. 


Commercial Section 

This zone comprises three quays; the 
Generalissimo, Queen Victoria and Marquis 
de Camillas quays occupying the south and 
east sides of the Moret Dock with a water 
depth alongside of 33-ft: at L.W.O.S.T. 
The total length of the berthing space is 
3,400-ft. 

Temporarily, the Queen Victoria Quay is 
being used for passenger liners and a tem- 
porary passenger station has been set up 
until the repairs are completed on the 
Alfonso XIII Quay on the west side of 
Moret Dock. This quay, in turn, is being 
used temporarily as a free zone port. 

In conformity with present-day European 
practice, all quay aprons are laid out trans- 
versally with a frontal strip for loading and 
discharging operations, a central area for 
the deposit of merchandise on paved sur- 
faces or in sheds, and a rear strip for road 








and rail transport and parking places for 
road vehicles. The frontal strip is wide 
enough to accommodate rail tracks for 
goods wagons and portal cranes and for the 
passage of road vehicles. The dimensions 
in each case have been governed by the 
probable requirements based on past ex- 
perience of the rate of traffic development 
and the more modern methods of mechani- 
cal handling. 

The pavement over the whole of the 
quay apron is of hand-laid stone setts in 
sand, which has proved to be more adapt- 
able to varying conditions with reasonable 
maintenance costs. 

The fresh water distribution system to all 
the quays is at a pressure of 120 pounds per 
sq. inch and 2-in. diameter junctions are 
spaced 100-ft. apart along the quay. 

The 3-phase electricity supply is de- 
livered at 6,000-v. between three trans- 
former sub-stations, one on each quay. In 
each of these there are four transformers 
which reduce to 500-v. between phases for 
the cranes, and four transformers of 150 
K.V.A. which reduce to 220-v. for lighting 
and industrial uses. 

With these new installations the seven 
electric portal cranes of 3 tons capacity can 
work simultaneously which hitherto was 
impossible. Before they were recondi- 
tioned, they were in a very bad state of 
repair and were supplied by direct current; 
this has now been substituted by alternat- 
ing current at 500-v. 

The general lighting of the commercial 
section has been effected by the use of eight 
100-ft. high towers equipped with powerful 
reflectors at the top. This is the first 
example of lighting of this type to be used 
in a Spanish port and has proved to be 
highly efficient. The main advantages of 
the system are: the reduction to a minimum 
the obstacles to crane working, simplicity 
of the supply system and the almost total 
elimination of junction boxes, with the im- 
portant consequence of a reduction of line 
breaks. It is economical; the lighting of 
the quayside is good, causing fewer shadows 
and the avoidance of interference with 
navigation at night when vessels are making 
for berths. Supplementary lighting is fitted 
on the sides of sheds where necessary. 
According to the period of the year, the 
lighting is switched on and off automatic- 
ally by a master switch. 

Electric 2-ton trolleys are in use on the 
quayside. 

All the sheds destroyed in the explosion 
of August 1947 have been rebuilt. 


Generalissimo Quay 


This quay which is of entirely new con- 
struction, has a length of 800-ft. and is 
backed by an area of 28,500 sq. yds. of re- 
claimed tidal ground. The wall construc- 
tion is of pre-cast rectangular blocks of 
concrete, 21-ft. long by 64-ft. deep by 44-ft. 
wide, as shown in Fig. 2. Just above 
L.W.O.S.T. and between tide levels it is 
crowned with in-situ concrete, faced with 
coursed stonework. The cope course is 
of natural squared hard stone masonry, 
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with top level 4-ft. above H.W.S.T. The 
tidal range is 13.75-ft. 

Some 300-ft. of this quay wall was already 
existing, the construction being discon- 
tinued some years earlier; the rubble 
mound sub-foundation, however, had only 
a narrow berm and the side slope was too 
steep, actually 1 in 1. As this was con- 
sidered too hazardous for the resumed 
works, the berm width was increased to 
164-ft. and the side slope to 2 horizontal 
and 1 vertical. It was also considered 
advisable to increase the transverse width 
of the in-situ concrete crown to that of the 
lower blocks (21-ft.). 

The wall blocks are bedded on the rubble 
mound at 33-ft. below L.W.S.T. but the 
height of the mound varies; a large wedge 
pocket of silt was encountered overlying 
sand in places 60-ft. below L.W. This 
was dredged and the trench filled with 
rubble, increasing the foundation costs 
considerably but ensuring the stability of 
the heavy wall. 

The mooring bollards are spaced at 
66-ft. centres and are tied back to anchor- 
ages of concrete in the sand back-fill. Each 
bollard is designed to take a pull of 1,000 
pounds per lineal foot and the wall to take 
a maximum load of 4.5 tons per sq. yd. 

Provisionally, until settlement of the 
pumped sand back-fill has stabilised, it has 
been paved with stone setts on sand only. 
The area is 28,400 sq. yds. (see Fig. 3). The 
cost per lineal foot of the wall was 40,000 
pesetas. The entire work, with the excep- 
tion of buildings and surface structures, was 
completed in 1953. 


Transatlantic Section 


The transatlantic passenger section is 
located on the Alfonso XIII Quay, which is 
1,450-ft. long with a surface width of 330-ft. 
and a water depth alongside at L.W.S.T. of 
33-ft. It lies on the west side of Moret 
Dock and is the most sheltered part of the 
harbour. The existing wall was constructed 


Janu: 


in 1921 essentially for the traffic of oal in 
bulk. Unfortunately this site was « jacent 
to the most attractive quarter of a © ‘e city 
of noble and historical buildin ; ang 
directly opposite to Spain Square, i: which 
stands the monument of Hernando ortes 
the great Spanish sailor who dis: >vered 
Mexico. Naturally, the nuisance of the 
coal dust and the noise associated w. th the 
handling operations was always cause for 
local complaint. Under the reconstruction 
plan, it was decided therefore that the coal 


must be handled elsewhere and the pas- 
senger traffic take its place. 

To create a good impression on (oreign 
visitors and to give distinction to the city, 
the authorities also decided that the road 
entrance from Spain Square to the quay 
should be constructed as a floral and 
arboreal avenue. 

There are also plans to construct a new 
maritime station with all the usual offices 
and amenities for overseas visitors on the 
quay. 

The repair of the quay is not yet com- 
pleted and temporarily the Queen Victoria 
Quay is dealing with passenger liners, 
Meanwhile, traffic operations of the Free 
Zone are still accommodated on the Alfonso 
Quay although preliminary plans have 
already been made to move the Free Zone 
some two miles further east in the bay. 


Fish Section 


The water surface of the Fish Dock is 
1,575-ft. long and 560-ft. wide with a total 
length of quay wall of 4,675-ft. and a depth 
at L.W.S.T. of 21.3-ft. 

The activities of the dock are divided 
into three sectipns, to each of which a 
separate quay is allocated: 

(a) The Fernandez Ladreda Quay provides 
berths alongside for new arrivals of 
fresh fish. 

(b) The quay at the head of the dock is 
used for vessels requiring repair. 








Fig. 3. 





Generalisimo Quay completed and in use. The section road is within the fence 
and the ring road is outside. 
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(c) The East quay is for revictualling and 
refuelling. 

To speed up operations and also to econ- 
omise in cost and time, the Port Authority 
has organised the fish dock services to the 
following cycle of operations—which has 
worked well, avoiding bottlenecks, mis- 
understanding and delay. As new arrivals 
from the fishing grounds arrive, they moor 
alongside the Ladreda quay in the berths 
allocated to them. Should these be fully 
occupied, they wait their turn by tying up 
alongside the shelter arm quay at the dock 
entrance. 

When the vessels take up berths, all fires 
aboard must be drawn and all power units 
closed down. The crew must then leave 
the ship and attend the port office on the 
quay for discharge and to make use of the 
bathrooms provided. When the trawler is 
cleared of her cargo and washed down by 
the shore gangs, she either goes to the 
South repair quay for overhaul and repairs 
or, if these services are not required, she is 
moored at the East quay to be serviced 
accordingly to the owner’s arrangements, 
and made ready for another voyage and to 
take on her crew once more. 


The Fish Auction Hall and Annexes 


Whilst the greater part of the Cadiz fish- 
ing fleets are all deep-sea trawlers, there is 
also a small fleet of coastal fishing smacks. 
These are accommodated at the root of the 
Ladreda quay which has special sheds pro- 
vided for their use (Fig. 4a). 


The main traffic passes through the 
Auction Hall building. This is a structure 
of reinforced concrete framework and brick 
panels. It is 1,000-ft. long and has an 
overall width of 120-ft. (see Figs. 4b and 5), 
and is divided transversally into three 
sections. That fronting the quay is de- 
signed for the reception of the fresh fish 
and is known as the auction hall. It is 
50-ft. wide and has a clear floor space for 
the whole length of the shed. This is 
bordered, on the centre line of building by 
an open corridor 20-ft. wide. The remain- 
ing portion, 50-ft. wide, is divided into 
rooms for the merchants to prepare, pack 
and distribute the fish. It is to be noted 
that the floor of the shed slopes uniformally 
upward from the quayside coping, through 
the auction hall, corridor and preparation 
rooms to the rail track and road at the rear 
of the building. There is a raised platform 
in each room rising to wagon floor level for 
the despatch of packages. 

Between the shed and the face of the 
quay there is a narrow apron 10-ft. wide to 
accommodate the electric mobile machinery 
used to handle and discharge cargoes and 
also to give space to the small mobile water 
pumps used for cleaning down the apron 
and the vessels after discharge. All electric 
light and power is supplied from the shore 
since the vessels are entirely without crew 
or power when berthed. 

There is a special fresh and salt water 
service system in all the preparation rooms 
and an electricity supply for operating 
machinery. 
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The design of the reinforced concrete 
transverse trames in the form of a parabolic 
arch was selected as it gave clear floor 
space, ample strength and a pleasing 
appearance when contrasted with the more 
usual angular trusses. In addition, in view 
of the damp atmosphere of the shed, it was 
considered that the cost of maintenance 
would be less than would be the case with 
steel-work roof trusses. The rib of the 
arch projects above the curved roofing. The 
frames are about 15-ft. centres and the ver- 
tical columns rising from the footings are 
cast in with the horizontal beams support- 
ing the flat roof. The walls are of brick 
panels between columns capped with a R.C. 
canopy over the doorways which also acts 
as the sill for the fanlight windows which 
run between all columns from end to end 
of the shed. The eaves are at a height of 
164-ft. above the floor (see Fig. 4b). The 
doorways giving on to the quay are spaced 
in the centre of each alternate panel and 
are fitted with roller shutters. 

To give light and air to the central cor- 
ridor, there is a continuous run of fanlight 
windows above the flat roof of the auction 
hall and below the flat roof of the corridor 
between the vertical columns extended to 
carry the first floor of the preparation rooms 
which have two storeys. 

At the rear, beyond the ring road, there 
is a long building divided into 52 separate 
sections and leased to trawler owners as 
offices, stores for fishing gear, etc. In 
front of the building there is a large park- 
ing space for vehicles. 


Trawler Overhaul and Fitting-out Quay 
The South Quay lies at the head of the 


Janua 


Fish Dock and is used as the over! 
repair quay for trawlers. 
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The Port Authorities decided hat in 9 
place of a vertical wall quay, it wuld be 
advisable to build a sloping rubble wall as | 
a spending beach to absorb the uncomfort. & 
able surge which often occurs in decks ep. 
closed on all sides by vertical wall:, parti. 
cularly where the deep-sea waves cin pene. | 
trate, as was the case when this work was 
undertaken. Gangways give access to 
vessels lying moored for and aft to shore 
and buoy. 

In the centre of the quay (Fig. 6) coin. 


ciding with the longitudinal axis of the ® 
slipway has been con. | 


dock a double 
structed. Above high water on each side 
of the slipways two sheds, 246-ft. long by 
40-ft. wide have been erected to serve as 
repair workshops. Ship chandlers, ship. 
owners, engineers, ship-repairers and rig. 
gers lease part of these buildings to carr 
on their trade, the rentals being based on 
the floor space occupied. 

The slipways are exploited solely by the 
port authorities, but all repairs, etc. are 
contracted by the ship-owner with any re. 
pairer he chooses who is established in the 
workshops. The repairer firm can hire 
from the port management the service of 
mobile cranes, locomotives or other 
mechanical equipment for the handling of 
heavy jobs. 


Slipways 

The two slipways are parallel and 40-ft. 
apart between axes and both have the same 
slope of 6 per 100. The larger slip is for 
trawlers of up t@ 500 tons displacement and 
the smaller for vessels up to 100 tons. The 











Aerial view of the Fish Dock. 
quay: construction still 


Fig.. 5. 





The Auction Hall, slipways and the East 
in progress at the time. 
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Fig. 8. 


The caissons to form the body of the dry dock being towed into position for 


sinking on the site. 


former is designed to accommodate the 
largest trawlers using the fort but the slip 
bogie chassis can also be used for two 
smaller vessels at the same time, providing 
it is convenient for unslipping simultan- 
eously. The small slip bogie is also adapted 
to slip four or five boats together for the 
haul and then, at the top of the run by a 
lateral movement place them alongside the 
track for repair, etc. 

As shown in the cross section (Fig. 7), the 
large slip has three lines of rails and the 
smaller slip two. The bogies’ chassis are 
rigid throughout. The large chassis is 
200-ft. long and carries bilge blocks with 
trunnion bearings which allow them to tilt 
to the shape of the vessels’ hull; the blocks 
can also be moved laterally. The small 
bogie is 66-ft. long on a rail track of about 
6-ft. gauge with rigid side blocks of timber 
directly over the wheels. 


Sub-Structure of the Slipways 


The inclined sub-structure is of rubble 
fill on a sand bottom (Fig. 6), graded at a 
slope of | in 16.6 from a depth of 20-ft. 
below L.W.S.T. Both slips are graded in 
the same plane, the large one having a 
length of 760-ft. overall and the smaller one 
677-ft. The mass concrete back-haul 
anchor blocks are placed at the extremity 
of the lower rail ends as shown, but that 
for the small slip also acts as a retaining 
wall for the backfill, projecting about 5-ft. 
above the sea bed (20-ft. depth). 

It will be noted that the water depth, 
allowing for the height of rail supports and 
cradle, permits the use of the slips at all 
States of the tide with few exceptions; the 
spring tide range is about 14-ft. 

The up-haul winch house is situated 
16-ft. beyond the head of the slip rails and 
hauls directly; in both cases powered by 
electric motors. 

Below high tide the rails are supported 
on concrete stools bedded on bagged con- 
crete, whilst above high tide the rails are 
carried on longitudinal dwarf concrete 
is Shown in cross section (Fig. 6). 


Se The East Quay 


5 quay has been constructed and laid 
r all classes of service and the supply 
of ‘rawler stores, victuals, fuel (liquid and 
so’) and for fitting out trawlers prepara- 
) another trip to the fishing grounds. 

‘ are also sheds for the use fo ship- 


out 


owners similar to those in use on the 
Ladreda Quay. The quay, fitted with bol- 
lards at 66-ft. centres, is also the same type 
as that of the Ladreda Quay, and is in one 
straight line, 1,650-ft. long from the en- 
trance screen wall to the head of the dock. 
The mole oa which it forms the west 
boundary is 210-ft. wide and is bounded on 
a sloped rubble wall on the east side giving 
on to the Dry Dock basin (see Fig. 4c). 

At the entrance head there is a cold stor- 
age building under construction capable of 
a daily output of 200 tons of ice. 


Shelter Walls and Moorings 


The situation of the Fish Dock before the 
works were commended was hazardous if 
a sudden gale sprung up, and many vessels 
moored there have been lost in such cir- 
cumstances; the existing breakwaters not 
affording any protection to this part of the 
harbour. 

For this reason the Fish Dock was pro- 
vided with two shelter walls at the sea ends 
of the quays with vertical faces at both 
sides and core level, the same as the quays. 
The intention was to rrovide extra moor- 
ing facilitics on both sides during fine 
weather and thus gain about 1,250-ft. run 
of extra quayside berthing. The West arm 
from the Ladreda Quay is almost 500-ft. 
long and the East arm from the East Quay 
130-ft. in length. The former makes an 
anele of 135 degrees with the Ladreda Quay 
and the latter 90 degrees with the face of 
tre East Quav—leaving an entrance width 
between ends of 295-ft. 

The walls are constructed of rectangular 
faced concrete blocks stacked at a slope. 
The blocks are 20-ft. long and span the full 
width from the outer to inner faces. The 
foundations are at 21-ft. below L.W.S.T. 
on a mound of tipped rubble and bagged 
concrete. The cope level is 24-ft. above 
H.W.S.T. The cost, including dredging 
of the trench for foundations was 15,000 
pesetas per lineal foot of wall. 


Dry Dock and Repair Section 


It was not until 1920 that a commission 
was appointed to study the question of the 
provision of a dry dock for the Port of 
Cadiz. In 1921 it was confirmed that one 
was urgently required and the site on which 
it is now constructed was proposed as being 
the most suitable. In 1922 a scheme was 


authorised and tenders were invited from 


contractors. It was finally decided that 
the main dimensions of the dock should be 
760-ft. long, 111.5-ft. wide and 33-ft. depth 
of water on the sill at high water. It was 
to have a floating gate. 

After completion of financial arrange- 
ments, the preliminary dredging work was 
commenced in 1926. The existing beach 
and sea bed in the basin and the approach 
channel through the outer harbour to the 
dock basin had to be dredged to 10.5-ft. 
below L.W.S.T., whilst the actual site of 
the dock foundations was dredged to 40-ft. 
below low water springs. 

The body of the dock comprised a series 
of floating reinforced concrete units of in- 
genious design and construction. The 
manufacture of these caissons took place in 
two stages; first, the cellular double bottom 
was built in a floating dry dock, launched 
when the height of the roots of the side 
walls was reached and then moored along- 
side the quay in the Moret Dock. Concret- 
ing of the walls was then continued and 
was carried up to within about 3-ft. of 
coping level. The reinforcement was left 
projecting to bond with the finished deck 
level after sinking (see Fig. 8). The dia- 
gram of Fig. 10 shows the swim ends. The 
double bottom was heavily reinforced and 
provision was made for filling with stone 
and cement grouted solid. It will be seen 
that the caissons were merely plain shells; 
altars and tabernacles were to be added in 
the dry. 

The central caisson was the first to be 
sunk and this was followed by the others 
towards the head, including one with an 
arched wall spanning between the side 
walls to form the head. The last two cais- 
sons were placed on October 1939 and the 
floating gate, fabricated in Matagorda, two 
miles east across the bay from Cadiz, was 
delivered in May 1940. 

The dry dock was first used in April 
1941. It was still in an unfinished condi- 
tion but could be pumped dry. It was 
commissioned by the Military Authorities 
for the construction of the caissons for the 
breakwater at Tarifa in the Straits of 
Gibraltar.* At that time, the inside walls 
etc. were in the same condition as when 
sunk and there was some 8-ft. depth of silt 
on the floor of the dock. This was allowed 
to remain, as it was decided that it would 
be more expeditious to construct a tempor- 
ary timber floor for the job. - Thus from 
1941 to 1942 the dock functioned satisfac- 
torily in the dry without its inner wall. 

In consequence of this intervention the 
original contract was terminated in 1943 
and matters remained at a standstill until 
1946 when the dock was taken over by the 
National Institute of Industry to be used 
commercially. 

To satisfy the conditions of this arrange- 
ment. the Public Works Department had to 
complete all the unfinished work included 
in the original contract, and also to recon- 
dition those works which had lain redund- 





*See “ The Dock and Harbour Authority,”’ May 


1953, p. 3. 
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Fig, 9. 

in 

ant for so long. This included the dredging 

of the access channel to the dock basin, the 

construction of the fitting-out quay, the 

dock entrance leading-in quays and the in- 

side wall and altars of the dock sides. The 

quay aprons also had to be backfilled with 
pumped sand and subsequently paved. 

Fig. 9 shows a panoramic view of the dry 
dock in use in 1952 before the completion 
of the surface installations. The vessel on 
the blocks is the 22,000 tons Portuguese 
transatlantic liner “Vera Cruz.” The 
middle front of the illustration shows the 
double row of ornamental fencing enclosing 
the ring road; the nearest row being the 
port boundary and the further row the 
boundary of the dry dock section. It will 
be seen that the port boundary fence, just 
above and slightly to the left of the tele- 
phone pole in the foreground is offset and 
to the right the road widens; this is the 


Overhaul of Panama Canal Locks 





The first overhaul for five years of the 
Pacific locks on the Panama Canal began 
early this month and will carry on continu- 
ously until mid-July. 

The initial task was to sink caissons at 
the upper end of the west lane of Mira- 
flores Locks to cut off the flow of water 
and after this had been done, the west 
chambers were emptied. Work in the lock 
will now occupy some six weeks, after 
which, if all goes according to plan, the 
east chambers will be emptied and over- 
hauled, this work lasting a further six 
weeks. When work in the chambers has 
been completed, the centre wall culvert 
will be emptied and overhauled and follow- 
ing this operation, the overhaul of the east 
chamber at Pedro Miguel Locks will be 
commenced. It will be during this period, 
March/April, 1958, that the Canal will be 
working at its minimum capacity. 








Panoramic view of the dry dock in use with 22,000 ton liner on the blocks 
1952. 


point at which the rail from the sidings cuts 
across the road to the dry dock section. On 
the extreme right of the second line of fence 
the foot passenger access and control point 
may be seen. In the middle distance to 
the left the solid panelled wall separates 
the Fish section from the dry dock section. 
It will be noted that the slipway was not 
then completed. 


Fitting-out Quay 

The fitting-out quay (Muelle de Arma- 
mento) lies on the east of the dry dock 
basin. It is a vertical wall of concrete 
blocks as shown in the typical cross section 
(Fig. 2), but here the foundations are on a 
rocky layer 31-ft. below L.W.S.T.; the 
blocks are seated on bagged concrete. The 
quay is about 656-ft. long and is about 
400-ft. west of the existing rubble break- 
water with which it is parallel. The space 


After completion of this section of the 
work, the west chamber at the Pedro 
Miguel Locks will be emptied and over- 
hauled for six weeks and then the final 
stage, overhaul of the centre wall, will be 
undertaken. It is estimated that this sec- 
tion of the work will take approximately 
one month to complete. 


A similar operating plan will be used on 
the Pacific side as when the Gatun Locks 
were overhauled two years ago. Double 
wall culvert operation will be scheduled 
while one traffic lane is out of service and 
single culvert operation will be used while 
the centre wall culverts are under repair 
and both lanes are in use. 


The four lower -lock gates at Miraflores, 
which are the largest in the Canal, will be 
removed during the overhaul for the first 
time in twenty-eight years. Each gate 
weighs 790 tons and stands 82-ft. high. In 
addition to these, the four upper-end gates 
at Miraflores and two on the west side of 


between the wall and the bre: 
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backfilled with sand and paved \. h stone 
setts for a width of 330-ft. from ti face of & 
the quay; the remaining 66-ft. is ccupieg 
by the ring road and rails. 
The same type of wall is co: ‘tructed 9 
transversely across the dry dock asin a @ 
the dock entrance heads and \ «dingin & 
quays. a 
q 
Breakwaters 3 
The existing S. Felipe breakwatc:, which 
takes the full brunt of the Atlantic gales, 
has its root west of the Moret Dock in the 7 
rocky tip of Cadiz city shore. It is about 


3,000-ft. long and is aligned in a north-east | 


direction from the root. The East break- 
water which is east of the dry dock has 
almost the same alignment to the north- 
east from the root but, from halfway along 
its length, it inclines a few degrees more to 
the north. It is about 2,600-ft. long and is 
constructed as a rubble mound. Lying 
between the sea extremities of these two 
walls there is an _ isolated submerged 
mound of rubble about 2,600-ft. long lying 
in a north-south direction. There is an 
entrance gap between this mound and the 
S. Felipe breakwater of 1,950-ft. and an 
entrance gap from the south end of the 
mound to the East breakwater of 1,150-ft. 

It will be appreciated that there was little 
shelter to the harbour from such a placing 
of the walls and that the present works 
which are in hand to rectify this are 
urgently required. 

These new works comprise an extension 
of the S. Felipe wall extremity by 1,000-ft. 
in an east-south-easterly direction closing 
the present gap to 1,300-ft. at the west 
entrance, and the complete closure of the 
east gap by the extension of the existing 
rubble breakwater and the submerged 
mound as shown in Fig. 1. The whole of 
this work is expected to be completed by 
1959. 


the control tower at Pedro Miguel will be 
lifted. Twelve hydraulic jacks, each with a 
lifting capacity of 100 tons, will be used. 
Another important stage in the work will 
be the replacement of eighteen rising-stem 
valves, each weighing 15 tons. 

Some slackening of traffic is expected 
during the opening months of this year, 
but even so the average number of ships 
per day is expected to be one higher than 
in 1953 when the Pacific Locks were last 
overhauled. In order to expedite the ship 
transits, the Pacific locks will operate 24 
hours daily and two culverts will be used 
whenever a single lane is in operation. 
This double culvert operation is possible 
as a result of modifications recently com- 
pleted at these Pacific locks. There will 
also be a tug standing by to assist vessels 
through the locks during the repair period, 
for the use of which there will be no 
charge. No serious delays are expected un- 
less due to unusual peak loads or an 
unbalanced number of transits. 
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( athodic Protection of Ships and Marine Structures 


Factors Causing Corrosion and Methods of Protection 


By K. A. SPENCER, B.Sc. Tech., M.I. Chem.E., F.I.M. 
(Spencer and Partners, Consulting Engineers) 


his work for the Commissioners of the Navy Board’, who 

were concerned about the corrosion of the copper sheathing 

on wooden ships. He prevented the corrosion by attaching 
to the copper either iron or zinc blocks which themselves 
corroded sacrificially as anodes to provide direct electrical cur- 
rent, which flowed through the water to the copper and so gave 
cathodic protection. By adjusting the area of iron to copper to 
about 1%, it was possible to prevent serious corrosion, but to 
allow just sufficient corrosion to occur to maintain a clean metal 
and prevent attachment of marine growths. Over-protection re- 
sulted in calcium and magnesium carbonate films on the copper, 
to which marine growths became attached. 

Over the last hundred years wooden ships have been replaced 
by steel ships and even for marine structures, such as jetties, 
wood has largely given way to the use of steel piles. Zinc con- 
tinued to be used for protecting the propeller and stern gear of 
steel ships and also boilers, but only with partial success, because 
those using it tended to carry on a tradition without having a 
sound knowledge of the electro-chemical mechanism of corro- 
sion. In fact, a common phrase in ship yards was that a zinc was 
a “ good zinc” if it did not corrode, which illustrates how little 
its correct function was appreciated in practice. 

Since about 1920, much work has been carried cut and our 
knowledge has so advanced that submerged steel can now be 
given complete protection under conditions where maintenance 
was previously impossible, such as for steel jetty piles and sub- 
marine pipelines, etc. Magnesium and aluminium have joined 
zinc as available sacrificial anode materials, and cathodic protec- 
tion by using direct current together with iron or inert 
materials for the anodes has found increasing favour. 

The aim of the paper, which is written basically for engineers, 
is to review briefly the causes of marine corrosion of steel, out- 
line the mechanism of cathodic protection and its general prac- 
ticai methods of application, before proceeding to detailed 
consideration of the application of cathodic protection to ships 
and specific types of marine structures. 


] in 1824 and 1825 Sir Humphrey Davy published the results of 


Causes of Marine Corrosion 
1. Electro-chemical Corrosion Mechanism 
(a) Immersed Corrosion 


All corrosion in the presence of water is an electro-chemical 
phenomenon. 

When steel is immersed in an electrolyte such as water, certain 
areas of the surface known as “ anodes ” have a greater tendency 
to allow iron to enter the electrolyte (thus corroding) than other 
areas called “ cathodes,” where the metal is protected. This is 
shown in Fig. 1. 

On leaving the anodic areas of the steel and entering the water 
an iron atom takes with it two positive charges of electricity to 
form an iron “ion” (Fe++). At the same time charged “ ions ” 
are neutralised at a cathodic zone by electrons (e) flowing from 
the anode to the cathode through the steel. 

Evolution of hydrogen gas occurs at the cathodes in the case 
of acid water free of oxygen. In sea water, however, water and 
hydroxyl “ions” are formed according to reactions which may 
be summarised as follows:— . 

4e+4H+ +0,—»>2H.O 
and 4e+2H,0+0,—>—4(OH)- 

In river estuaries, where there may be discharge of sewage and 
ndustrial effluents into the water, the oxygen normally present 
can be rapidly exhausted in oxidising these materials. Under such 
conditions sulphate-reducing bacteria are frequently active and 
produce intensive corrosion of steel. 


Sulphate-reducing bacteria take part in the corrosion process 
in a manner not fully understood at the moment although much 
experimental work has been carried out on the subject*’. 
Apparently the bacteria can extract oxygen from sulphates which 
are present in water, so evolving hydrogen sulphide, which stimu- 
lates the corrosion process by removing iron ions from the 
anodic area. They also have the ability of removing the hydrogen 
formed at natural cathodes. In removing cathodic hydrogen the 
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FIG.1. CORROSION MECHANISM. 


bacteria lower the electrical resistance of the circuit between 
natural anodes and cathodes with resultant increased attack at 
the anodes. Thus the bacteria act as accelerators for the electro- 
chemical corrosion mechanism. 

Corrosion of steel under active sulphate-reducing conditions 
may be uniform, but is more usually of the pitting type, and is 
characterised by a black deposit, which when removed reveals 
bright corroding metal beneath. 





(b) Marine Atmospheric Corrosion 

Steel and iron do not corrode in a dry atmosphere, but when 
the humidity of the air reaches a point at which condensation 
takes place corrosion proceeds by the _ electro - chemical 
mechanism described above. 

Fig. 2 attributable to Vernon‘ illustrates the effect of humidity. 
Above the critical humidity the rate of corrosion depends largely 
upon the concentration of inorganic impurities in the-air’. 


2. Practical Factors Affecting Marine Corrosion 


While the foregoing section explains briefly the electro- 
chemical mechanism by which corrosion occurs, in practice many 
factors associated with either the metal or the environment deter- 
mine the rate of corrosion. 


(a) Factors Associated with the Metal 


(i) Contact of Different Metals (Galvanic Cells) 


Metals have a different solution pressure, and if two dissimilar 
metals in sea water are electrically connected, current will flow 
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through the water from the corroding metal to the more noble 
metal. 

A practical list of the electro-chemical series in which a metal 
in the list will preferentially corrode and protect a metal below 
it, is as follows: — 





Anodic 

Magnesium 

Zinc 

Aluminium 

Carbon Steel 

Cast Iron 

Stainless Steel (active) 
Lead 

Tin 

Brasses 

Copper 

Bronzes 

Monel 

Stainless Steel (passive) 
Silver 

Graphite 

Platinum 

Cathodic 


The above list is only indicative and the position of the various 
metals may be modified by their physical state and the nature 
of the electrolyte. 

A comprehensive list of compatibility of bimetallic contacts 
has recently been published by Her Majesty’s Stationery Office’. 

The classical marine example of corrosion due to bi-metallic 
contacts is the corrosion of the steel of a ship’s stern plates in 
which the current naturally flows through the water to a non- 
ferrous propeller. 

To prevent corrosion of aluminium it must be electrically iso- 
lated from steel. For aluminium/steel joints zinc chromate 
paints and water-proofed calico are sometimes used to keep the 
metals apart. Alternatively, the steel may be zinc galvanised or 
aluminium metal sprayed to reduce the electro-potential diffe- 
rence at the joint. 

The corrosion of the aluminium is much greater in contact 
with copper than in contact with steel. Corrosion of aluminium 
pipes can be caused by small amounts of dissolved copper from 
copper pipes being deposited onto the aluminium. Even conden- 
sation dripping from copper pipes on to aluminium decks has 
produced severe corrosion. 

(ii) Millscale 


Millscale is cathodic to steel and if both are exposed to sea 
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FIG.3. CORROSION MECHANISM 


WITHIN A DROP OF SALT WATER. 


water or a marine atmosphere the millscale will cause accelerated 
corrosion of the adjacent steel. It is strongly recommended that 
all millscale be removed from steel to be used for ships or marine 
structures, such as jetties, etc. 





(iii) Welding and Permanent Stresses in Metal 


Metals that are held in a state of stress have energy stored in 
them, and have a slightly more negative electrolytic solution 
potential than similar unstressed metal. This phenomenon may 
arise at a weld or rivet which on cooling retains remanent stress. 
A weld or the metal adjacent to it often acts as an anode and 
tends to corrode. Research work has tended to show, however, 
that this effect is small compared with potential changes due to 
variation in composition of the metals’. 


(b) Factors Associated with Environment 


Apart from factors associated with the metal as previously 
mentioned the conditions in the water electrolyte affect corrosion 
phenomena. 


(i) Below Low Water Level 


In estuaries variations in salt content or temperature of the 
water at different depths can create corrosion cells. However, 
most submerged steel corrosion is attributable to either contact 
with more noble metals or differential aeration cells. 

Under isolated barnacles pitting corrosion frequently occurs 
due to differential aeration but if the whole of the steel is com- 
pletely screened from the water by a continuous coating of 
barnacles the corrosion rate may be greatly reduced and be of a 
fairly uniform nature. 

A bare steel pile jetty in Jamaica, which had been designed on 
the basis of a uniform corrosion rate of 0.003-in. per year* was 
inspected by the author less than 2 years after its construction 
and found to have pits up to 0.17-in. depth under barnacles. 

On Southend Pier, at the mouth of the River Thames, the 
barnacle growth is so dense that corrosion rates are low. Higher 
up the river at Thameshaven, barnacles are present but more 
limited in number. At Dagenham (15 miles further up the river) 
the water is still saliae, but barnacles are no longer present and 
sulphate-reducing bacteria are very active, so corrosion rates are 
extremely high. This illustrates the variations which can occur 
within one estuary. 
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FIG.4b. POWER IMPRESSED SYSTEM. 


(ii) Above the High Water Line 


Above high water level steel in marine atmospheres receives 
spray, which evaporates and leaves behind a mixture of salts, of 
which the principal component is sodium chloride. U. R. Evans’ 
has shown that as the drop evaporates a corrosion cell is pro- 
duced as shown in Fig. 3. 

With increase of humidity solutions are again formed, or 
further spraying occurs, with the result that by the above 
mechanism multitudinous small anodes and cathodes are formed 
over the surface of the metal. The position of cells continually 
changes resulting in very active corrosion of a relatively uniform 
nature. 

(iii) Tidal Zone 

The type of corrosion experienced on the tidal portion of a 
jetty or similar structure is intermediate in character between 
submerged and atmospheric corrosion. The main factors tending 
to increase the rate in this area are the mechanical action of the 
waves removing rust scale, differer:tial aeration effects at the air- 
water interfaces and finally salt concentration ceils arising from 
evaporation. 

The whole question of corrosion rates for various parts of the 
world, above and below high water and completely submerged 
has been investigated by the Institution of Civil Engineers’’. 





Cathodic Protection Principles 


!. Principle of Mechanism 


As already explained and illustrated in Fig. 1, corrosion is asso- 
ciated with the flow of direct current from the metal anodes into 
the electrolyte. It follows that if the potential of the electrolyte 
5 raised and direct current flows from the electrolyte into the 
metal, the iron ions will not be able to emerge and corrosion will 
be arrested. This is the simple conception of cathodic protec- 
ion, where the whole metal surface is made the cathode to an 
xternal anode, as shown in Fig. 4. 

At the cathodically protected metal surface, provided sufficient 
‘lectrical current is flowing, hydrogen ions will be released to 
orm molecules of hydrogen gas, and when this film of gas covers 
-he metal surface it is said to be “ polarised” and fully protected. 
Vith the spread of polarisation the current required for protec- 


tion is reduced, because the hydrogen separates the metal from 
the electrolyte with a high electrical resistance gas film. 

Since hydrogen can be removed mechanically or by oxygen 
dissolved in the water, it will be appreciated that tou maintain the 
film will require more current in rapidly moving aerated water 
than in stagnant water of low oxygen content. Thus active ships 
require more current than inactive ships for cathodic protection. 

Higher current densities are also needed to maintain polarisa- 
tion when no oxygen is available but sulphate-reducing bacteria 
are present, since they also have the ability to remove cathodic 
hydrogen. 

At a cathodically protected metal surface there is an increase 
in concentration of hydroxyl ions (OH)~ which raises its alka- 
linity or pH value. In sea water, which contains carbon dioxide 
as well as calcium and magnesium ions, the increase in alkalinity 
causes the formation of complex carbonate deposits on the metal. 
These deposits screen the cathodic hydrogen from oxygen in 
water, and because of this and their high electrical resistance, 
they cause the current to flow to the more remote metal areas, 
so improving the spread of the cathodic protection. 

It will be appreciated that a greater current density will be 
required to obtain polarisation than is necessary to maintain it, 
and when calcareous deposits have been formed current require- 
ments for protection decrease. In the case of metal with a pro- 
tective electrically insulating coating such as paint, the current 
required for cathodic protection will be a direct function of the 
area of exposed metal at failures in the coating. 


Anodes for cathodic protection may or may not corrode, de- 
pending upon their composition, the nature of the electrolyte, 
and the current density upon the anode. Depending upon condi- 
tions anions such as chlorine or oxygen may be released at the 
anodes. 

As illustrated in Fig. 4, cathodic protection of steel may be 
obtained by the electrical connection of a metal of sufficiently 
high electrolytic solution pressure. This type of protection is 
usually referred to as the “ sacrificial anode” system. It is also 
possible to apply cathodic protection by connecting the negative 
terminal of a direct current source to the steel to be protected, 
and the positive to a metal or inert conducting material which 
forms an anode. This method is known as the “ power- 
impressed ” system. 


2. Protection Criteria and Testing Methods. 


It has been explained theoretically and proved experimentally 
that protection is obtained if the inter-facial potential of the 
whole metal surface is depressed below a critical value, 
which depends on the metal in question. This potential 
is measured by placing a standard half-cell in the electrolyte 
close to the protected metal surface and connecting it through a 
potentiometer or high resistance voltmeter, to the metal, which 
forms the other electrode of the cell. Fig. 5 illustrates this 
technique and shows the simplified construction of the silver/ 
silver chloride half-cell which is normally used for marine appli- 
cations. Another type is the copper/copper sulphate half-cell, 
which gives readings about 0.06 volts higher than the silver/silver 
chloride half-cell when used in sea water. For marine use the 
silver/silver chloride half-cell is to be preferred. 

The natural potential measured by the silver/silver chloride 
half-cell for steel immersed in the sea may be between —0.500 
and —0.700 volts and it is generally agreed that the potential 
should be made at least —0.800 volts by the flow of direct current 
through the water to the metal in order to provide protection. 
The amount of current required to obtain the necessary depres- 
sion of potential depends on a number of factors such as the 
oxygen content, and speed of water flow over the surface, tem- 
perature, etc. 


Practical Cathodic Protection Methods 


l. Sacrificial Anodes 


The principal sacrificial metals used are magnesium, alumi- 
nium and zinc in their pure or alloyed form. Each metal has its 
own electro-chemical characteristic as shown in Table No. 1. 
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TABLE NO. 1. ELECTRO-CHEMICAL CHARACTERISTICS 














Metal (Commercial) Anodes Potential Difference from Ampere hours per 
Iron pound of Metal at 
(Volts) 100% Electrode 
Efficiency 
Magnesium ; 1.1 F 997 
Aluminium (Active) 0.9 1,352 
Zinc 0.2 — 0.3 372 
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These potentials correspond to open circuit potentials with no 
polarisation of the anode metal or of the steel. The actual values 
obtained in practice will always be less than those given above. 


(a) Magnesium 


Of the common metals, magnesium has the highest open cir- 
cuit potential difference from iron with which to force current 
through the electrolyte, and because it provides a relatively large 
amount of current per pound weight of metal during its corro- 
sion, it is the most popular of the sacrificial anode materials. 

Although magnesium at 100% electrode efficiency is capable of 
supplying almost 1,000 ampere hours per pound, in actual prac- 
tice local corrosion cells exist on the metal surface resulting in a 
lower electrode output. In order to obtain uniform corrosion of 
the anodes and the highest possible electrode efficiency magne- 
sium is usually alloyed with aluminium and zinc. 


A typical cathodic me alloy composition is:— 
ag - 5. 


Aluminium 3 — 6.7 % wt. 
Zinc Be = SS ste 
Manganese Oar We. Ow ow 
Silicon 0.30 max. .. » 
Copper 0.05 _,, oe me 
Nickel 0.003 ,, —" 
Iron 0.003 ,, se, ca 
Other Impurities 0.30 =, » 
Magnesium REMAINDER 


A magnesium alloy anode of the above composition will usually 
have an electrode efficiency of 20% to 50% in water and give 
200 to 500 ampere hours per pound of metal sacrificially cor- 
roded, in providing protection to iron and steel. 

One of the many detailed accounts of the use of magnesium 
anodes is that given by Barnard on the practice adopted in the 
Royal Canadian Navy'’. The anodes consist of standard bars 
of magniseum 10-in. or 5-in. wide fitted along the bilge keels. 
Great care is taken to ensure standardisation so that the cost 
of anode replacement and fitting is kept to a minimum. The 
anodes are spaced in line 4-in. apart and are electrically con- 
nected by lap welding together the ends of steel connecting rods 
which pass through the anodes. The anodes are insulated from 
the hull by using hard rubber inserts and flanges. Since the 
driving potential of magnesium is low, compared with that of 
a power impressed system, it is important that voltage drops in 
the leads should be kept to a minimum. The output from the 
anodes can be controlled by choosing the cable length and dia- 
meter to give the required resistance. Since the output from 
the anode should preferably be altered to maintain a constant 
potential of the hull with respect to the sea a variable resistance 
is sometimes placed in the circuit. 


(b) Aluminium 


Aluminium has a lower forcing potential than magnesium, but 
offers a higher theoretical current output per pound of metal 
corroded. 

Unfortunately, from the cathodic protection aspect, alumi- 
nium in corroding forms a closely adherent oxide film and easily 
becomes anodically polarised thus preventing current flow to 
the iron or steel to be protected. 

Many alloys of aluminium have been made to overcome the 
problem of “ anodic polarisation,” and the metal has also been 
used immersed in depolarising backfill materials, but not with 
sufficient success as yet, to allow aluminium to compete seri- 
ously with magnesium. 


(c) Zinc 
Zinc was used by Sir Humphrey Davy and, until the develop- 
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ment of magnesium, was widely used as a sacrificial anode etal, 
As will be seen by reference to Table No. 1 it compar ; un. 
favourably with magnesium both from the available curr: 


t per 
pound weight of metal and also as regards forcing po tal 
But on the other hand it is cheaper than these two meta 

Like aluminium, zinc in corroding forms adherent cor. >sion 
films which stop the current from flowing to the iron o: stee| 
being protected. Commercial zinc has, however, been use suc- 
cessfully in conditions of high turbulence when surface films are 
removed by the mechanical action of the water. High p rity, 
i.e. 99.99%, zinc is less susceptible to this disadvantage and US. 
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FIG 5. POTENTIAL MEASURING TECHNIQUE 


WITH 
SILVER/ SILVER CHLORIDE HALF CELL. 


Navy research has lead to the adoption of this metal in certain 
instances. 

Although zinc has a low electro-chemical equivalent it may, 
if the anode remains clean, have electrode efficiencies of as high 
as 95% so that out of a total possible of 372 amperes per l|b., 
approximately 340 amperes per lb. may be obtained, which is 
comparable with the output from a magnesium anode working 
at 20—50% efficiency. 

Recent tests with low aluminium and cadmium zinc alloys 
have given results comparable with those obtained from super 
purity zinc. 








2. Power Impressed Systems. 


In the power impressed system of cathodic protection, the flow 
of current from the electrolyte to the cathodically protected 
metal is brought about by connecting the metal to the negative 
terminal of a direct current source of electricai power and con- 
necting the positive terminal to some other conductor or anode 
also immersed in the electrolyte, which may or may not corrode. 

Obviously the required characteristics of the power sources 
will depend upon the resistance of the electrical circuit, and the 
current required to give the protective electrolyte/metal poten- 
tial. Briefly, this means that to protect a certain area of bare 
steel in sea water of 50 ohm. cms. resistivity, a lower voltage 
would be required than for the same area of steel in fresh water 
of 2,000 ohm.cms resistivity. Many factors influence the voltage 
and current output required in a power impressed system and 
in all cathodic protection design work varied practical experi 
ence supported by theoretical knowledge is necessary for 
complete success. 
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Cathodic Protection of Ships and Marine Structures —consinued 


(a) Sources of Direct Power 
(i) Ba‘teries 

An accumulator or battery can supply direct electrical current 
for cathodic protection purposes, but it must be recharged from 
some other source of power at periodical intervals of time. 
Obviously this method can only be used when small currents at 
low voltage are required. Such conditions would occur when 
the structure was extremely well protected by a non-conducting 
coating so that the current required would be small. Pritula** 
has laid some emphasis on this method in locations where wind- 
mills can drive direct current generators to charge batteries. In 
most cases, however, it has been found that batteries as a source 
of electrical current are inadequate for marine cathodic pro- 


tection. 


(ii) Direct Current Generators 


In ships the electrical power is frequently direct current. Occa- 
sionally this can be used for cathodic protection purposes, but it 
is usually at too high a voltage (110 volts). For marine work the 
voltage required 1s generally between 5 and 50 volts, which can 
be obtained by using a D.C. converter. 

Sometimes it may be economical to use direct current gene- 
rators for jetties, etc., at isolated locations, but in view of main- 
tenance problems they are not popular. 


(iii) Transformer-Rectifiers 


For fixed marine structures such as jetties, dolphins and sub- 
marine lines at locations where mains electric power is available 
the usual method of obtaining D.C. power is to transform the 
A.C. mains power and then rectify to give D.C. power. 

The usual method of rectifying alternating currents for catho- 
dic protection applications is to employ either copper/copper- 
oxide or selenium plate rectifiers. For voltages above 12 volts the 
latter type is preferred. The overall efficiencies of these 
transformer-rectifier equipments range from 55% to 80% 
depending on the design and method of operation. New rectifiers 
using either super purity germanium or silicon are being deve- 
loped and it is probable that within a short time equipments using 
such rectifiers and having overall efficiencies in excess of 90%, 
will be on the market. 

Since the efficiency of mercury arc rectifiers is low at the smali 
voltages employed, they are not normally used for cathodic pro- 
tection work. 


(b) Anodes and Groundbeds 


In the case of ships the anodes for both internal and external 
protection are usually distributed to give as uniform a current 
spread as possible to the steel. For such structures as jetties, 
etc., a large anode or combination of anodes located at a dis- 
tance from the structure may be used. These large or grouped 
anodes are known as “ groundbeds.” 

The electrical cables and connections to the anodes or ground- 
beds must be very well insulated from moisture to prevent them 
from corroding. 


(i) Cast Iron and Steel 


Scrap steel or cast iron is usually readily available for use as 
groundbed material for cathodic protection schemes. One ampere 
of current flowing for one year from steel immersed in water will 
consume 15 to 20 pounds weight of the metal. In the case of 
cast iron the corrosion per ampere year, might, however, be as 
low as 2 pounds, because as corrosion proceeds a film of graphite 
can become exposed. Under these conditions the transfer of 
current to the electrolyte involves the discharge of oxygen and 

loride ions. 

'n the Royal Canadian Navy a number of vessels have been 
“*ted with steel anodes of special shape, fitted to wooden 

‘ackets, which are in turn mounted on the bilge keel. If the 

odes are cleaned of mill-scale corrosion is uniform, and experi- 

ce shows that 280 Ibs. is sufficient for two years for 1,000 sq. 
of wetted surface. This represents an anode efficiency of 
proximately 50%. For an output from the anode of 1 amp per 

. ft. an anodic polarisation of 0.25 volts was measured. 

High silicon (13% Si) iron has been used with limited success 


as an anodic material. It does not corrode as rapidly as ordinary 
cast iron and will carry current densities up to 10 amperes/sq. 
{t.'*, but has a tendency to suffer from localised pitting. It also 
has the disadvantage of being very brittle. 


(ii) Carbon and Graphite 

Carbon anodes are used, but graphite which is a better electri- 
cal conductor is more popular. They are usually supplied as 
rods up to 6-ft. in length and up to 6-in. diameter, but special 
types are produced for ships. The graphite anodes are usually 
impregnated under pressure with paraffin wax or resin to fill up 
any small interstices. 

The values recommended for a graphite anode current out- 
put vary between 0.25 and 1.00 amperes per sq. ft. according to 
conditions. Theoretically, carbon or graphite has an electro- 
chemical equivalent of 4,042 ampere-hours per pound weight in 
acting as anode and forming carbon dioxide, but usually electro- 
lysis of water occurs with the result that up to 80,000 ampere- 
hours per pound have been obtained. 

Chlorine and oxygen are formed at the anode and it is impor- 
tant that the gas may escape freely from the anode surface. If 
the gas cannot be freely dispersed it will increase the electrical 
resistance of the circuit. Should the current density on the 
anode be too high or impregnation unsatisfactory, it is possible 
that the graphite will disintegrate due to the pressure of gas 
formed below the anode surface. 

Because of the difference in electrode potentials of iron and 
graphite, it is necessary to apply about 2 volts from the direct 
current source before current commences to flow through water 
to the structure. 

Practical disadvantages of graphite are, its brittle nature, and 
the difficulty of making a good permanent electrical connection 
to it for immersed conditions. It is however, a widely used and 
popular material for anodes for jetties, floating docks, or similar 
installations. 


(iii) Lead Anodes 

Lead and its alloys are relatively new materials for use as 
anodes in the power impressed type of protection. They form 
protective films and preliminary tests indicate that they may be 
very successful. They are easily cast for ships, and being malle- 
able are not liable to fracture like graphite. Furthermore, they 
have longer lives than steel or cast iron. For marine structures, 
such as jetties, they can be used in the form of extruded copper’ 
cored cables which makes their installation cheap. 

Preliminary experiments have shown that a lead anode de- 
livering 10 amps/sq. ft. suffered only slight pitting after 5 months’ 
service. 


(iv) Platinum Anodes 

A little experimental work using platinum anodes has been 
carried out by the Royal Navy. The metal can stand extremely 
high current densities and although initially very expensive the 
recoverable scrap value is high. A recent development reported 
has been the use of a thin trailing platinum electrode towed at 
some distance behind a vessel to protect the hull. The length 
of towing cable was adjusted to a minimum for a relatively uni- 
form water/steel potential over the hull surface. 

A 48-in. x }-in. diameter anode supplies a current of 47 amps”. 


3. Comparison of “ Sacrificial” and 
Methods 

The two most important factors to be considered when de- 
ciding whether cathodic protection is to be achieved by sacri- 
ficial anodes or power impressed system are:— 

(a) The resistance of the electrolyte 
(b) The availability and cost of A.C. power. 

If the electrolyte has a resistance of greater than about 2,500 
ohm.cms, the use of sacrificial anodes can usually be ruled out 
because the relatively low driving voltage will enable the anode 
to deliver only a very small current. However, if the structure 
to be protected is very well coated so that the current require- 
ment for protection is extremely low, as for example on a well 
coated submerged surface, magnesium anodes may be used in 
higher resistivity conditions. If the total current demand is 
greater than about 10 amperes and mains electric power is avail- 
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able then the power impressed system is usually preferable. An 
important exception to this statement is the application of mag- 
nesium anodes to the protection of the internal surfaces of the 
ballast tanks in tankers. The current demand in this case 
is large and power is readily available from the ships’ electri- 
cal installation, but the operation of a power impressed system 
is regarded as hazardous in view of the extremely inflammable 
nature of the cargo being carried 

If both systems of protection are possible then a detailed cost- 
ing is required to decide which system will be most economic 
during a life of, say, 25 years. It is usually found that the first 
cost of a power impressed method is higher than one employing 
sacrificial anodes, but providing that the cost of making A.C. 
mains power available at the required location is reasonable, the 
overall cost of a power impressed system is less after 5—10 years 
when the anodes have been replaced two or three times. 


Protective Coatings 


The quantity of electrical current required to effect cathodic 
protection is directly proportional to the area of bare metal ex- 
posed to the electrolyte so the provision of an electrically insu- 
lating coating on the metal reduces the cost of cathodic protec- 
tion. Experience has shown that coatings themselves are not 
completely effective against corrosion. In practice coatings 
always contain small holes at which corrosion commences and 
the oxide formed penetrates below the adjacent surface, forcing 
it away from the metal, and the cycle is repeated. However, if 
cathodic protection is applied the corrosion is prevented and 
the paint work may thereby be preserved. 

Since alkalinity develops in cathodic areas, paints which con- 
tain saponifiable binders can be adversely affected. Also, if the 
current density is too high, i.e. with metal/electrolyte potentials 
above about 2.5 volts relative to the silver/silver chloride half- 
cell, it is possible that the formation of hydrogen bubbles at small 
holes in the paint will cause the coating to be further disbonded 
from the metal. 

It will be realised from the above that in planning a cathodic 
protection installation the question of painting and coatings 
must be seriously considered. It is not intended to deal in detail 
with coatings in this paper, but to refer generally to them now 
and more specifically when considering ships and various types 
of marine structures. 

Chlorinated rubber and other more conventional types of paint 
have been used for marine work with varying success. One of 
the most successful systems of cold applied coatings used with 
cathodic protection has been the use of “ wash” or “ etching” 
primers based on phosphoric acid, to give clean phosphated 
metal followed by five to ten cold sprayed coats of vinyl base 
paints. This is a rather expensive process but from results 
obtained it is claimed to be an economic proposition. 

For steel, which is to be continually immersed, such as jetty 
piles, the author prefers to have the piles sand or shot blasted, 
cold primed with a coal tar or asphaltic bitumen primer, fol- 
lowed when dry with up to }-in. of hot applied plasticised coal 
tar base or asphaltic bitumen. base enamel containing a filler such 
as talc. It is essential that the work is carried out under expert 
supervision to ensure that satisfactory results are obtained. The 
use of glass cloth embedded in the bitumen has shown good 
results in preventing the penetration of barnacles. 

Table No. 2 shows the protective current requirement with a 
number of jetties with different types of coating. 





TABLE NO. 2 
Protective Current for Cold Painted or Hot Enamelled Jetties 


Coating 1,000 sq ft 
Submerged 
Metal 


Cold Applied Bitumen Paint 6.6 
Cold Applied Rubber Paint 4 
Cold Applied Bitumen Paint ys 


Jetty Location 





Thames Estuary 
Thames Estuary 
South Coast of 
Arabia 
Western Australia 
Persian Gulf 


Hot Applied Coal Tar Enamel 
Hot Applied Coal Tar Enamel 





1, 
0. 











In the case of ships, the hull exterior below water level 
have an anti-fouling paint as well as the anti-corrosion 
underneath it. Since ships are for various reasons dry 
periodically, coating repairs can be undertaken, henc: 
applied paints are generally inadequate. The use of thicke 
men type coatings is not generally recommended becaus 
take longer to apply, and are more susceptible to detac 
from the hull due to its flexing. 
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New Harbour Tug for Auckland 


A further stage in the port expansion and development pro- 
gramme of the Auckland Harbour Board was reached recently 
when the new steam driven twin screw tug “ Aucklander” was 
launched at Paisley, Scotland. At the invitation of the Board, 
Mrs. Player—wife of Mr. A. W. Player, Managing Director of 
Fleming and Ferguson Ltd.—performed the naming ceremony, 
and at a function later, Mr. W. I..French, Chairman of the 
builders, presented the launching souvenir. 

At the ceremony Mr. Player made reference to the long asso- 
ciation between his firm and the New Zealand ports. One of the 
contracts in hand is a steam driven dredger for the New Ply- 
mouth Harbour Board, New Zealand, and it is probable that the 
keel of this craft will be laid down on the berth vacated by the 
“ Aucklander.” It was pointed out that Paisley built vessels had 
contributed in no small way to the development of some of New 
Zealand’s major ports. The official connection began in 1906 
when his company constructed a tug for the Auckland Harbour 
Board. They had also constructed the dredger “ Paritutu” for 
New Plymouth in 1910 and two dredgers for Auckland, one of 
which, built 46 years ago, had been sunk in a gale recently and 
was now being salvaged. 

Mr. R. T. Lorimer, Senior Administative Officer to the Auck- 
land Harbour Board, who was present at the launching, said that 
Auckland at the moment was handling over one-third of New 
Zealand’s total trade which in terms of shipping alone repre- 
sented some 5 million gross tons annually. The new tug, he said, 
could be expected in the very near future to handle vessels up 
to 46,000 tons. His Board had been unanimous in awarding the 
contract for this tug to a British Shipyard and in particular to a 
firm with whom they had been associated for half a century. 

The new tug, which has a speed of 12 knots, is 132-ft. long, 
34-ft. broad and has a draft of 12-ft. She is designed for hand- 
ling shipping and general harbour duties and is fitted with fire 
extinguishing equipment. The stern carries twin rudders and 
Kort nozzles and the stem has been constructed to meet the 
duties of a pusher tug. She will be fitted with two triple- 
expansion surface condensing engines each developing 850 I.H.P. 
The fire extinguishing unit consists of a turbine driven pump cap- 
able of delivering 102,000 gallons of water per hour against a 
total head of 280-ft. and two monitors are also provided. 

The Naval Architect was Sir J. H. Biles & Co. Ltd. of London. 
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ings but in this chapter it will be considered to imply the 

structure which is provided instead of gates at a dock 

entrance and which serves for the maintenance of the water 
in, or the exclusion of water from, a dock or basin. 

Dock engineers are not agreed as to the precise relative merits 
of caissons or gates for this purpose. The decision to instal 
caissons in preference to gates will have to be arrived at after 
due consideration of the special circumstances of a particular 
case. Generally, if it is to be desired to arrange for the passage 
of rail or heavy road traffic across the entrance, or if, owing to 
tidal conditions water pressure in both directions, such as would 
© entail double pairs of gates, is to be withstood, a caisson should 

be considered. 

It should also be noted that a caisson may be hauled up a slip- 
way or dock for repair or painting with much less trouble than 
a pair of gates. 

There are two main types of caissons (a) floating or ship 
caissons (b) sliding or rolling caissons (which may also float). 

Caissons of type (a) may be deemed to occupy alternative 
® positions and so split up a length of a long dock to accommodate 
© a particular vessel for which the full length of the dock would 
not be necessary. 

Caissons of type (b) usually occupy one position in the dock 
entrance and are moved out only for repair or survey. 





[: civil engineering the word “caisson” has various mean- 




















(Continued from page 292) 


The cost of building a special chamber, recess or camber to 
house a sliding caisson together with the provision of hauling 
machinery is likely to equal that of the caisson itself and thus the 
first cost of a sliding caisson is much more than that of a floating 
caisson. 

The first illustration (Fig. 1) shows, in diagram form, the 
arrangement of a large dock which is served by both types of 
caisson and it will be noticed that five caissons are provided to 
control the 90-ft. lock and the two 80-ft. dry docks. The 
position these caissons normally occupy is shown in the following 


table : 















Caisson Depth from Moulded Light 
No. Span Coping to Cill Type Breadth Draught 
] 90-ft. O-in. 48-ft. O-in. Box Sliding 20-ft. O-in. 24-ft. 6-in. 
2 90-ft. O-in. 48-ft. 0-in. Box Sliding 20-ft. O-in. 24-ft. 6-in. 
3 80-ft. 0-in. 47-ft. 0-in. Ship Floating 29-ft. 6-in. 22-ft. 6-in. 
4 90-ft. 0-in. 47-ft. 0-in. Box Floating 20-ft. O-in. 24-ft. 6-in. 
5 80-ft. 0-in. 47-in. 0-in. Ship Floating 29-ft. 6-in. 22-ft. 6-in. 





No. 1 Caisson is primarily intended for use as a sliding caisson 
but it may also be used as a floating caisson. 

No. 4 Caisson, although not intended to act normally as a 
sliding caisson, was designed for use as such and is interchange- 
able with No. 1, and both caissons are capable of being placed in 
The intention is that in the case of 


grooves la, 2a, 3a and 5a. 
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Fig. 1. 











outstanding difference between the two types rests with 
ed with which they can be manipulated. Caissons tend 








at b to be slow in their action and an opening speed in the 
hei: ourhood of 30-ft. per minute will probably be about the 
figi ittainable in the case of a sliding caisson. A floating 
cai‘. will probably take three or four times as long to com- 
ple ne operation of clearing the entrance, because it must be 
flo right away from its groove. 















an accident to Caisson No. 1 or No. 2, Caisson 4 should replace it 
acting as a slider. Should it be decided, however to repair the 
damaged caisson in its camber, No. 4 Caisson would act as a 
floater resting in groove la or 2a as the case might be. In the 
case of an accident to Caissons Nos. 3 or 5, Caisson No. 4 would 
act as a floater resting in groove 3a or 5a. 

No. 2 Caisson is intended primarily for use as a sliding caisson 
but it may also be used as a floating caisson. It may function as 



















Modern Dry 


such in groove 2a or for the purpose of painting or repair, it may 
be placed in groove 3a or 5a, if tidal conditions permit. 

Caisson No. 3 will normally hold water at a constant level in 
the dock and Caisson No. 5 will hold out water at varying tide 
levels from the river, but both caissons are interchangeable. 

Having shown the relative duties of floating and sliding 
caissons, the factors which influence their design may be con- 
sidered. The primary duty of any caisson is to act as a dam to 
close the dock entrance and also, when required, to be capable 
of being moved clear of the entrance to allow the passage of ships 
in or out of the dock. With floating caissons, this movement is 
arranged by, first, levelling the water on either side of the caisson, 
then pumping out water ballast from the caisson until it is float- 
ing and, finally, hauling the caisson clear of the entrance. The 
conditions of tide under which it is necessary to float the caisson 
have a large influence in deciding its final shape. Obviously, 
when a caisson is floating it must be displacing water equal to its 
own weight and if a caisson is intended to float at very low tides, 
its lower parts must be large in volume. 











(b) (c) (d) (e) 


Fig. 2. 


A summary of typical outline cross-sections of floating caissons 
is given in Fig. 2 showing five types: (a) bulk, (b) ship, (c) hydro- 
meter, (d) barrel, (e) box. 

A caisson must be able to float clear of its grooves or stops 
at the required water level, and this affects the shape as seen in 
elevation. If the entrance has vertical walls, the caisson can 
only be arranged to rest against a stop or projection and would 
only be suitable to resist pressure in one direction. In this case, 
care must be taken to ensure that sufficient end clearance is 
allowed to enable the caisson to swing clear of the entrance when 
floating. 

A more usual plan is to form the walls and the stems to a 
batter so that the caisson when floating light has a greater end 
clearance and can be manceuvred in and out of the entrance. In 
this arrangement, the caisson is fitted into a groove so that it 
can resist pressure from either side, according to the variations 
of the tide. The batter of the walls is usually about 1 in 12, but 
circumstances vary so greatly that no fixed rule can be laid down. 
Before the batter can be finally decided, it is necessary to con- 
sider the lowest water level at which it must be possible to man- 
ceuvre the caisson. An approximation having been made to the 
light draught of the caisson, the rise of the caisson above the 
cill will be known. It will be possible to plot the position of the 
caisson when floating at light draught and at a given tide level 
and so find the clearance between the caisson and cill and also 
between the stems of the caisson and the grooves in the walls. 
The template should then be made of the keel of the caisson 
representing the outline of the greenheart rubbing pieces and 
also the moulded breadth of the shell, which may, for entrances 
about 80-ft. wide be taken as approximately one-third of the 
width of the entrance. Trial templates representing the grooves 
in sectional plan may then be prepared and the caisson template 
is manceuvred in and out of them when they are made to repre- 
sent varying degrees of batter in the walls. In this way, the 
most suitable combination of batter and depth of groove may be 
decided. 

Having provisionally fixed the shape and overall dimensions, 
the next step in the design is to calculate the position and scant- 
lings of the members forming the main structure. The caisson 
will be divided into compartments by decks, of which two will 
be watertight and form the top and bottom of the air chamber. 
The level of the upper watertight deck will be fixed after con- 
sidering the tidal conditions and the freeboard which the caisson 
has to have when floating at light draught. The level of the 


(a) 
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lower deck is fixed by the volume of the air chamber | juired ty 


enable the caisson to float. This can only be finally — ‘erming § 
when the weight of the caisson is known, but a ; «liminay 
approximation can be made by comparison with existi!. caisson; 
The caisson should now be designed as a slab or ¢: jer Span- 
ning the entrance and supporting the water pressu Each § 
deck is considered separately, the deck plates acting a: webs ang | 
the skin plating acting as flanges. The duty as a gir‘er, hoy. 
ever, must not develop the total stress allowable in the material | 
for each component of the girder has additional dutics to pep. § 
form. The outer strakes and the deck plating have to withstand 9 
local stresses due to water pressure and also increments of stress 
due to acting in conjunction with the stiffeners and stringer; ] 
which, acting as beams, transmit the water pressure to the main | 


frames. : 
After designing the caisson for its duties as a structure, it js 7 

next considered as a floating body. The weight of water to hp © 

displaced when the caisson is floating at its correct light draft 


must be equal to the weight of the shell, framing, etc., of th 


caisson plus ballast, computed from the design prepared. Extr 
weight must therefore be added to ensure that the caissop 
floats at the correct level. This is usually supplied in the form 
of solid ballast which may be of cast iron, cement concrete. 
burr concrete or a combination of these. In addition, 


provision must be made for water ballast which is necessary to |” 


sink the caisson when it has been floated into its position in the 
grooves or against the stop. The buoyancy and stability under 
all possible conditions must be considered and it is usually in. 
sisted that the centre of gravity of the caisson and its permanent 
ballast when floating at light draught shall be at least one foot 
below the centre of buoyancy. The caisson is then said to have 
a “ pendulum ” of one foot. 

Having described the general conditions in the design of a 
caisson, it is now possible to consider a particular example. 
Figs. 3 and 3a show the general arrangement for the floating 
caisson (No. 3) for the dock shown in Fig. 1 and Fig. 4 shows the 
piping and valve arrangement. 

The main dimensions of the caisson are as follows: length of 
bottom over keel timbers, 81-ft. 9-in.; moulded breadth, 29-ft 
6-in.; height from bottom of keel to top of deck, 46-ft. 6-in. The 
breadth of the timbers at the keel and stems is 2-ft. 1]-in., the 
width of the grooves into which they fit being 3-ft. 3-in., and the 
width of the lock at cill level being 80-ft. The flotation level of 
the caisson is 22-ft. 6-in. above the bottom of the keel. It is of 
very simple form, employing no curved plates in forming the 
main skin. Owing to the shape of the cross section, the lower 


parts are guarded against damage to a greater extent than is con , 3 


mon with other types. From the illustration, it will be noticed 
that the form taken consists of a large air chamber 29-ft. 6-in. 
wide and 15-ft. high, attached to a central vertical frame, extend- 
ing from the top deck to the keel for the full length of the 
caisson. The frame is composed of eight vertical members 
spaced 10-ft. apart. They are about 3-ft. 6-in. wide and above 
and below the air chamber are plated on both sides to form | 
hollow structure. The main frames of the air chamber are 
attached to the verticals just mentioned, and water-tight plating 
is carried all round these and across the top, joining up with the 
vertical sheathing on the central frame above and below the aif 
chamber. The upper part of the central frame is finished with 
short cantilever beams 3-ft. deep, plated over on the sides and 
underneath, forming an horizontal box girder 16-ft. wide. Bracing 
is carried from the inner and outer corners underneath this, to 
corresponding points on the top of the air chamber, in two 
systems of cross bracing, the outer intermediate point serving t 
give support to angles to which fenders of 9-in. x 4-in. teak are 
attached. Below the air chamber, gussets stiffened with angles 
extend from the outer edge down to the keel. The upper and 
outer members of the air chamber framing are composed of web 
plates 2-ft. 3-in. wide with angles at both edges. Between each 
pair of main frames there are five equally spaced intermediate 
frames to support the plating between the decks and stringers. 
There are four decks, the A and B decks being 3-ft. apart. The 
C deck forms the top of the air chamber and the D deck the 
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bottom. Decks B, C and D are plated throughout. The air 
chamber extends from end to end of the caisson. The central 
frame between decks B and C is divided by two vertical water- 
tight bulkheads into three parts of which the central one is equal 
in volume to the two end compartments together. Flood open- 
ings are cut through the skin plating of this part, on one side in 
the central compartment and on the other for the end compart- 
ments. On the inner side of these bulkheads are vertical access 
trunks leading to the air chamber from the A deck. 

The permanent ballast consists of cast-iron shaped blocks of 
a convenient size for handling, fitted compactly into the ballast 
chamber which extends between the keel and the bottom of the 
air chamber. This compartment is 3-ft. 6-in. wide by 6-ft. 14-in. 
deep. The keel proper extends below the bottom of this cham- 
ber, and is a box girder 1-ft. 10}-in. deep and 2-ft. 7-in. over 
flanges or 19-in. over web plating. The greenheart for the meet- 
ing faces is fixed to the keel and stems in such a way that it is 
not necessary for bolts to pass through the skin plating of the 
caisson. Reinforcing bulkheads, breast hooks and diaphragms 
are provided to ensure that the keel and stems are firmly con- 
nected with the main structure of the caisson. 

The air chamber contains two scuttle tanks 8-ft. 4-in. in dia- 
meter and 52-ft. in length. These are set in saddles and are held 
down by overhead channel section beams, and prevented from 
moving longitudinally by stops. These tanks are used for work- 
ing the caissons. Each is divided into two compartments by a 
watertight diaphragm. An inlet valve is fitted to the bottom of 
each compartment. These are connected with openings in the 
outside skin and are used for filling the tanks. For emptying 
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Fig. 5. 


the tanks two electrically-driven centrifugal pumps are provided, the seal before the caisson will move. 
with suitable valves and connections to the different compart- The power of the hauling machinery will depend very largely 7 
ments. The valves are so arranged that water may be dis- on the preponderance of weight over buoyancy of the caisson at 7 
charged from any of the four compartments of the scuttle tanks low water. It will generally be endeavoured to keep this ata |~ 
by either pump, so that the caisson can always be raised on an_ constant figure by forming the top watertight deck above the air |7 
The level of the water in the |7 
stems are carried up to the A deck level and can be worked from tank above the air chamber is thus always at the same level as 
the 6-ft. gangway arranged across the top from stem to stem. the water outside and, as the tide rises, both weight and buoy- 


even keel, even if one pump should be out of order. The valve chamber at about low water level. 


The current for the pump motors is taken to the caisson by ancy increase, at nearly equal rates. 


This is intended for foot and light trolley traffic, but, as explained mersed between the tidal limits. 


above, the A and B decks are 16-ft. wide and are designed to There will be a choice between wire ropes running on sheaves 
carry a 15-ft. roadway should developments at the dock make and pitch chains with sprocket wheels for hauling the caisson 


this desirable. into or out of its chambers. 


To operate the caisson, after floating into position the inlet Fig. 5 shows the arrangement of sliding caisson No. 2 together 


valves are opened and the scuttle tanks filled under control. with hydraulic hauling machinery. 


When sunk, the inlet valves are closed. Under this condition, The accompanying illustrations show a large sliding caisson in 
the caisson has a preponderance of weight over maximum buoy- position at the dock entrance of the Sturrock Dock, Cape Town 
ancy of about 5 tons; in addition, the friction at the meeting faces (Fig. 6) and the hauling machinery under assembly in the 


would have to be overcome before the caisson could lift. To workshop (Fig. 7). 


raise the caisson, after the flooding of the dock, the scuttle tanks The caisson is designed for a dock over 1,000-ft. long, with 
are pumped out, the water in the upper structure between decks entrance width of 148-ft., and of depth 54-ft. 6-in. from sliding 


B and C flowing out through the flood openings previously 


This preponderance is not 
flexible cable from the dock side. usually above 10 tons at high water and that a low water may be 
As already stated, the A deck carries a gangway 6-ft. wide. arrived at by adding to this figure the buoyancy of the steel im- 
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referred to. | 
The detailed calculations for this caisson are given in the 
Appendix. 


Sliding Caissons 


Sliding and rolling caissons are not so varied in general shape 
as floating caissons and are, perhaps, more easily worked and 
housed, especially under adverse water conditions. Generally, 
they are of box or rectangular shape and may slide, roll or, if 
buoyed off their seat, float into or from a recess or camber especi- 
ally constructed to receive them at the dock entrance. 

They are divided into two or more compartments and sub- 
divided much in the same way as floating caissons, but there are 
several ways in which the rolling or sliding motion is obtained. 
In one method, the body of the caisson is fitted with a series of 
rollers revolving on independent axles. These wheels travel over 
rails which are laid for them in the floor of the lock or entrance 
in which the caisson is to work. 

In another method, the underside of the caisson is fitted with 
cills or keelsons on which the structure is borne over a series of 
rollers which revolve on axles in boxes. 
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Fig. 7. 


way to cope. The caisson is rectangular in cross section, 24-ft. 
wide, with ends battered 1 in 8, and weighs 1,750 tons. This 
weight comprises 1,350 tons of structure and 400 tons of kent- 
ledge placed near the keel, the centre of gravity of the whole 
being 21-ft. 3-in. above the keel and 2-ft. 6-in. below the centre of 
buoyancy. 

The caisson is fitted with a falling deck supporting a timber 
decked roadway 20-ft. in width, which folds downwards as the 
caisson slides back within its camber. The meeting faces of the 
caisson are of Greenheart, fitted with inserted rubber gaskets 
which give additional security against water leakage. 


The electrically driven operating machinery provides two haul- 
ing speeds, i.e. a creeping speed of about 24-ft. per minute at 
starting, which changes to 24-ft. per minute after a short distance 
has been traversed and automatically reverts to creeping speed 
towards the end of the movement. 


The machinery is powered by two main motors, each about 200 
horse-power, and two auxiliary motors of 25 horse-power, one 
being a stand-by in each case. The motors drive through suit- 
able yearing, terminating in heayy chain sprocket wheels, one on 
each side of the camber and operating the endless hauling chains. 
A heavy crosshead spanning between the chains is connected at 
its centre by a yoke to the caisson. 


{ne main motors are coupled to a common reduction gear box 
nd drive the outer ring of an epicyclic unit. The auxiliary motors 
drive through a gear box and fluid coupling, the sun wheel of 
the epicyclic unit. The planet pinions of the latter transmit the 

ive to a spur reduction and cross shaft, which is fitted at 

ther end with a spur reduction gear driving the chain sprocket 
1eels. The motor are of slip-ring type and this feature, together 
h the fluid coupling fitted to the creeping speed drive, provide 
tinst the heavy initial pull on the commencement of the caisson 

/vement, and also for stalling against the stops on completion 

the traverse. The control equipment is of the automatic air 

ak contactor type and all motions are controlled from a multi- 
nt push-button station. 
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CALCULATIONS OF STABILITY & BUOYANCY OF CAISSON N° 3 
































DIVISION DESCRIPTION we Tice E, Waght in Pounds cz 
KEEL F Bottom Plates 2 2527] f2|52°7 |] Rie als}... 0-020 
(Orgue /2s #120-8)2:7] A] ow bb} |} ]4)2}..0 O28 

End pieces of Bottom Plates 2 aut 2.7) 2'| LI} 4sl2l¢] 0-028 
Covers to Bottom Plates 4) 2.7) Wh) ¥e\239! \-} | Jalal] 0-068 
Bottom Ang/es - 6 |25:0\6x4p Ya" [16-15 |.|.|2}4|2}2] 0-123 
End Pieces of Bottom Angles | 4\3.4f4 64h 72 | }.-}-}-|2}4)8}..0-423 
Covers to Bottom Angles 8 | 1.10: ads fe | 17-8 |2\7|3}..0-159 
KEEL BETWEEN y a (gon || 
£ and F Web Plates centre 2 |27'0\9hl fa | 3655) 2/0 5}..0-938 
oe 608) ends 4 26:2) w+ | op | |3|8|2\5}. 0-938 
Outside Covers to 0° at centre | 4) Mh) Mf) fz \I913 |.)7\3)..0-854 
inside o » Of » oe 4\9h Wh) fe \193 1\3|\7| 0-938 
Outside Covers to D® at ends | 4 |1.3)) i) 2 | + eis 1-021 
inside oe » Of . Of 412.5 | 0%) Pa haw ‘ 1-O2 
wee. E Centre Plate Sq. Ft | | 
28x 3:54 = 74:90 | | 
tess for Holes | 
10°orea x 12 = 6-54 1 |65-03 Sq Ftx '/2) 20-4 ‘\3)2\7|.. 1-854 
10°x 4" x 12 = 3°33 | 
9-87 
€5-03 
fnd Plates 
25: Ye x 3:72 = 686-78 
Less for Holes ae ae | 
10'orea x 14 = 7-63 2 |S 26SqF% Y2|\ 20-4 \3\o\7" 1-@s4 
10%4° x 14=3 69 1} 
i -S2 
75-26 
Top Main Angles of Keel 6 [20% 64 Ya | 1955 2\9|3\3|.. 1-698 
End Pieces of O°... - 4 | 110feabs6» Yo} +s ‘\a\7|_ 1-698 
Covers to Main Angles @ | 1. 5IuaShs%e|22 05) “ 
Bottom Covers to Keel Plate E. as 3: Saga f2 \19-13 
Top Covers to Keel Plate E. 4/2: 7} ee ° 
| | Comed forwond 
| | | | 
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Flats 8 | 220) 3°| fa | S4 21959 
Rungs 841 4fip¥e dia. |1-502 1S|2 
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Flats 4 \40'0" 3° | Y2 | $1 2 
Rungs 76 \'4}e | Ya ra. \1-502 4\31/ |e! 
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oe 4 | 8:4). ++) | o 
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oe 4/\84)12%6 13) 7 
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4\I7'6) .. 2|1 jQV0}0 
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4 \/3.3) 2i2z\e\als 
2|519)., 
4\90 ” | 1}9}1/215 
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Angles 104, 9” Bhsthr 45) |6|5|9| 24-000 1\sia\e 
iE cv 1-co-4-00-1- 00 6|5|9| 33-250 2} 1}9} 1/2 
96) +. | \6jole| 42-600 2\5 
| | 
Bolts for Kee! 54) Idipx p'6fa 267) | |a\6\6] 0- 938 alas 
D° do Stems 66) I 4 * Fes « } | | S)6@] 24° 146 ila 7 
Tubes 54) We » 7" \246e } 2\:\t| O- 938 ‘96 
66) 76h x [ET |. oe + | 2|5)8|24- 146 2\3 
LT Tilojsisiai7i2} Tiolr\a|3\e/7\8 
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; |} | Hoelsiaae y pel 
| | + - 4 
as ttt ut 
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, wT T Fstonce oF | Moment in 
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DISPLACEMENT & CENTRE OF BUOYANCY WHEN CAISSON IS FLOATING WITH WATER 6 BELOW LEVEL OF DECK C. 
KEEL 1 |e 2°71 fa 8/912 SBx/87Sx! 39 6 94 | 3)7\2 
" 2 ele" 2 | O19 x 1S x16 x2 3/9 ‘94 37 
STEMS 2 |20°%.2'7_ 19 20-625 1258x075 x2 1 @)6| 12-19 2:26'7 
” | 4 \2074(4%2 2 20625 x: 37Sx-16 24 48) 12-49 | 2/9 
BALLAST CHAMBER 1 \79.0%a6 23 BYa | 79.07 x6/25%3-6875 a1 766) 4°95 ebS8 
AIR CHAMBER centre portion | f \@09743'84 146" 80-7913-6875x 14-5 x! 4'320| (5°25 65880 
" sides | 2 52 O'2siq 4 6~ $2012 958 114-5 x 19541) 15-25 298001 
ends 2 |13'0' Wuh 6" Ot cc 6 oo te 4865) 15-25 7/4 4:96 
” ” stiffening angles 2 70-05-02 « 2 3; $0 1s 
SKIN at STRAKE 3 2 91:29 1606 %-O5 x2 $5) 18-5 852 
ANGLES under DECK D (Area=5 75sq.ins) | 2 77-91» O04 x 2 6| 7-82 - 
VERTICAL COVERS to STRAKE | 4 55x 9375 205s 4 ‘| 4-69 
” ” ” ” 2 6 45%9375 » 0S%6 (} 10-27 1c 
. 2 8 60625 9375 x. 05 1 B 2; 6 § 4 
” ° + 4 (port) 6 |40%-9375 « OSa6 1| 20-53 au 
BRACKETS to MAIN FRAMES Web 2 | 12:84x325x -O4 x/2 2 6-17 3 
” “oo ” Angles 24 264x 04% 24 4\2) 7-85 
eo a 24 o |602°O4n 24 61 5-0 3 
24 | 14-0%-026 « 24 9) 4-84 4\4) 
” ” oo” ” ” 24 o | 825% 026» 24 5}. $-17 26 
BRACKETS to FRAMES 22 Webs 4 }3-On3- 948 x04 4 2) 5-94 | 2 
” ” ” ” Angles 8 60+ 04 3 }.4-96.| 10 
” * 8 3-948.-04 8 ‘| .7-@5 8 
” ” ” ” ” wh 6-Ox O26 x 6 / 4-76 5 
STRINGERS NOS BIO Webs 20|9'11)2, 6" Y2 9-958 x15 «04x20 ‘2a)7-2 | 8€ 
o ° . Angles |929 x°O32« 20 6, 78S | 47 
” . oe |9°958x032x 20 6 66 | 4\0j 
End Angles 325/162 OR w 40 | 7oO | 7 
” ” ” ” 40) 10 ” 83 «-02 40 7 7-o 7 
STRINGERS N®1O at Ends 402 10-23 n15x 06x 4 | 2, .7-2 i\é 
” ” ” 4 \9 6 Masia} 95625" 032% 4 1} | 7°65 8 
” ” a 102 Melon x4 wle 10-23% ‘O32 « a | | ‘ 6-6 7 
6 | 2" Sednees2S 116% 02 x 8B 1) | i) 7-0 7 
~ n . 8 | 10" |e whore w | 834-02 « BU vo Lily 
| | ; t ' 3|'|3)3|0 } rr {544 
DISTANCE of CENTRE of BUOYANCY rr BOTTOM of KEEL | 14-42 1 | 
WEIGHT of WATER DISPLACED when CAISSON is| FLOATING of} 22'6° DRAUGHT = iat 3 30, Gub Fie 625 i! 958125 
| i hed i 
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cet NO 35° 
APPENDIX (Continued) CALCULATIONS FOR BUOYANCY DIAGRAM , CAISSON SUNK IN GROOVES. 
CASE Y | DISPLACEMENT WITH WATER AT ONE SIDE LEVEL case XI DISPLACEMENT OF CAISSON A AS IN a™ 
“————*_- | WITH TOP DECK & DOCK EMPTY (Caisson to have the erin DOCK Tevel_ with BOTTOM of 4AMBER 
End portions of Top Chamber Open to Water r) placement 
Element Scantlings Dis Drsploce rent 22/06 
—_— Additional Displacement 
: 20h f Ball hamb 

CALCULATIONS OF STABILITY & BUOYANCY OF CAISSON NO3 Sheet N°32 sina a 2-2 3 irepinimlemaaneee 18 
DISTANCE OF CENTRE OF GRAVITY OF CAISSON & BALLAST ABOVE BOTTOM OF KEEL WHEN FLOATING AT 22/6” DRAUGHT STEMS 44:7/2_42'7 x92 ~ = = — 403 Top L under A.C. as in Case 20 
we : - Ta xl'4Yin2"s 2 wider 20 — 

CAISSON less BALLAST as per SHEET NO 30 1,048 844 ‘3s... 20°98 254s BALLAST CHAMBER 79:0/8 x6'1f2 x3'37«! ~~ 4598 a 

: : Lunder A.C 77°66 /2" wee a —= 

WATER in SCUTTLE TANK 22,400 om. ..... 235,200 AIR CHAMBER 84°3/; a Wax 335 x! oe ". WEIGHT of WATER DISPLACED=22324 5 0 3'= 625 Tons 

BURR CONCRETE in KEEL 77,060 0-94 72,436 130% ISAfa ai; . 2544| CASE VIT| DISPLACEMENT AS IN CASE V but wi!'. Water in 

91'3/216'0¥ax Vax i We — DOCK level with TOP of AIR CHAMB: <———s 

” ” » STEMS 10,500 .. RR 51,870 Lontopof AC. 80'6%*6%6%2 ° = 3/ Element yan Ss lacement | 
SUBMERGED STEEL below DECK D. 46 Displacement as in Cas 22106| 

4. BALLAST in BALLAST CHAMBER SO, Wa w OR x . 2,503,281 TEAK in FENDERS & WALINGS 5 Additional Displacement 84 Baix/5.1ie 490| 
SUBMERGED STEEL in Vert: Brocing betwDECKS BRC... 22 of A.C. RIS Max 12:1) 10176) 

” ” +9 AIR CHAMBER... .... on 209 , 926... Ors 2,424,873 o ee Horizontal 4, ” 9 «( 7 rors WYa'x 12:11 2544) 
— ” » DECK B... ... : 66 D1 3Ya'x 6: OYe «Ha + | 29] 

1,958 , 125 26,.140,57 Skin Plate 23'3% 236% ¥ex2 ... 33 Fsucl 

a pL PL i Stiffeners 23:616%3%/ix22x2 .... 33 35345) 

roromee Seersseer ey — § “WEIGHT of MATER ISPLACEDW 353457022990 

DISTANCE to CENTRE of GRAVITY... . 26,140,579 13-35 FEET reasthooks 6:0%3'7xYe"x 8 ... 6 } 
1,958,125 TOP CHMB°(Centre) 36:9 “x 23:6x 2:7" 2228 | CASE Vill | DISPLACEMENT with Wateron BOTH SIDES leve) | 

DISTANCE to CENTRE of BUOYANCY see SHEET NO 3/ ee = 14-42 , including TRUNKS _22106) with DECK A. ae 
PEROULOM - 1-07 ". WEIGHT of WATER DISPLACED = 22/06x-028 = 6/9 Tons sone 00: CAE WV. 959 Tons 
—__ 











CALCULATIONS OF STABILITY & BUOYANCY OF CAISSON N° 3 


Sheet N° 33 


CALCULATIONS OF STABILITY & BUOYANCY OF CAISSON N°3 











CALCULATIONS FOR BUOYANCY DIAGRAM , CAISSON SUNK IN GROOVES 
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KEEL 


STEMS 


BALLAST CHAMBER 73. 

AMGLE under AIR yy THUG > 
B4 3/5. heed. ‘s66x/ ‘ 
AIR CHAMBER 


betw" FRAMES 
Wat centre 


DISPLACEMENT mere issn 
“ 


mt 








44.7, 





S2.O%15- Na x12U fa x1 


” 


DECK 8. ... 
Skinplate 37°03. oo nee 
SUBMS© STEEL trast 23. aes: ag — 


DYE 6: 
Lintportn ows e0618:64 5" 
Ende FTO ING 26°95 23.°652'752 . 
SUBMERGED STEEL below DECK D see Sheet N°30 - 
TEAK in FENDERS & WALINGS 
SUBMERGED STEEL in Wri Bron et DECHS Bec. 22 
Merizontal ,, 





abe 








37746 





Naphrogms 23'6% 
poagee 20: eats 





case I DISPLACEMENT WITH WATER AT ONE SIDE OF 
— Ta ENT eT ATER ATONE SIDE OF 


LEVEL WITH TOP DECK &8 DOCK EMPTY. 
(Gaisson to have Centre portion of Top Chamber 


opente water to Water) 


_Scantlings 

82:0 %6 x27 1'10%a x1 

92:0%e 36% 2% 2 
‘9x2 


29. 





23084 








-". WEIGHT of WATER DISPLACED = 230841-028= 644 Tons 





I 
AIR ‘CHAMBER 














CASE IT 


case 








SIS RLACEMENT AS IN CASET, but Water in DOCK 
teve with TOP o' Ain CHAMBER. 





Element placer 
As in CASE IT S3302 
04:3 /5x/5‘Iix49—" 490 
52:0 15.1 x 12: Whe . 10176 
(3'0'x 15a oy Ely . 2544 
ON 3/2x6 0} x Se 29 
3654! 








‘9 


before 





as 





aauasT aaeie 
AiR .. 





TRUNK 3169043" vend 2 

TEAK PoDERS ai WALINGS 
SUBMERGED STEEL below DECK 

in BHA, rane 4BH/,S1,S28S3 
DECK 








<. WEIGHT of WATER DISPLACED -34243%-028 = 959 Tons 
WEIGHT of CAISSON & PERMANENT BALLAST 











DIAGRAM SHOWING RELATION OF WEIGHT TO BUOYANCY, CAISSON SUNK IN GROOVES , END PORTIONS OF TOP CHAMBER FLOODED 


Water on this | Wat 
side level with 


Top Gee 


iter on this side 
| gradually falling 
until Dock is empty 
TOP DECK 
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_ Top OF AiR CHAMBER 





BOTTOM OF AIR CHAMBER 


[Displacement Water on one side level with Top Deck= 619 =. | 


| Water in Dock rising to Bottom of Air Ciomber=625 Tons 


Sheet N°36 
Sn 




















DIAGRAM SHOWING RELATION OF WEIGHT TO BUOYANCY, CAISSON SUNK IN GROOVES, CENTRE PORTION OF TOP CHAMBER ROODED 


when floating at 22:6 drought 879-4 | 
As in Case I 23084 gi 1» 99 TOP ve oy » =990,, | 
Additional Displacemens Additional Water required silliest ineeesteimmmate —- + 
of Ballast Chomber + ome. 168 to fill Ballast Tanks ... ... . 138-6 ts 3+» sy level of Top Deck =959 » . | 
dapat 228 2 ee ee 
| 
Top Lunder Air Chamber as above ~ &0 TOTAL WEIGHT of CAISSON & PERMANENT cenit “ 
Pp an BALLAST, with Ballast Tonks FULL 70168 |_Weight of Caisson & Permanent Ballast = 8794 5, —_ _,l 
PREPONDERANCE of TOTAL WEIGHT Might +» ry with Scuttle Tanks Full = 1018 ++ iin 9 anes shea <a 
“WEIGHT of WATER DISPLACED =23302x-028* 652 Tons over MAXIMUM BUOYANCY .. S Tons 
CALCULATIONS OF STABILITY & BUOYANCY OF CAISSON N°3 - Sheet N934 CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON NO 3 Sheet N°37 












Water on this 
side level with 
Top Deck 


Water on this side 


| gradual fallin 
; until Dock is onl 


TOP DECK 
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oe 


|_ Weight ” 





TOP OF AIR CHAMBER 


BOTTOM OF AIR CHAMBER 


” 


BOTTOM OF KEEL 


» « Top 


+» level of Top Deck 


w» with Scuttle Tanks full = 


| Displacement Woter on one side level with Top Dech= 644 Tons 


| oter in Dock rising to Bottom of Air Chamber = 652 


wo” 


L_meight of Caisson & Permanent Ballast 
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CALCULATIONS OF GENERAL & LOCAL STRENGTH OF CAISSON WHEN RESTING IN GROOVES with Water on One Side level with Top Deck & Empty Dock on the Other 


DIMENSIONS 


DISTRIBUTION 
OF PRESSURE 





Length of Bottom of Keel overa/i ar. 9 

Moulded Breadth 29". 6 
Height from Bottom of Keel to Top Deck 46.6 
Breadth over Timbers of Kee! and Stem 2. 
Face to Face of Walls at Sill Level ; 80'.0" 
Breadth of Grooves ... ... ' 3.3 


HALF CROSS SECTION at ¢ of CAISSON showing 
Genera! Dimensions and Distribution of 
Water Pressure. 





























DECK A tr 
DECK B -2 
s.1 Li. Pel 
| se | 
$.2 1% 
s3 2 | 
/ e]e@ 
Deck C — ae © 
se SSS 11.3 | 
3% | 
$.7 ~~. —-— | sie . 
$06 -—-—-— va ! | 
peck DSP S10 | <- | 
1 woe 
KEELE - #aew 
f KEEL F q-Fel 
+ 3 TOMS 
ad 
['s6"rr. “| 





Total Pressure per Bx, wy tt 950235 — 9 59 re pop |; in ft 
pay oostd |Haw FE = 7:69 Tons per lin 
Distance of centre hae 
betw” Decks A&C from Deck A 


2x235 = 15-66 Feet, 
aya Seo 


Total Pressure per lin ge? 
Fe bet” Decks CBD Sea 36 


tance of centre of pressure Feet, t 
betw" Decks C80 fmDekat a 3 ms 3S). se 


=13 Tons per lin. ft 


gran sd ng aera =, £9 tomo in fe 


Ft betw” Deck 0.8 Keel E 
Distance of centre iy }: (4s 
betw” Deck D8 Kee! E From DeckA J" $\44 538 $? 





s)- 41-6 Feet. 


Distribution of Pressure on Decks 
’ 7-69 Tons per linea! foot 


8 “12-6 66- 764 


ies 7-69 «12-66 _ 


RB=7-69-4-75 = 


13-00 Tons per linea! foot 
c fe -8:10— =" 
—--1§-00 — 


13-0«6-! 
we. ai %: 


Re = 1300-702 = 


6-90 Tons per linea! foot 
D fe2! —ieey E 
6-0 


RE= eons! = 3-56 Tons per linea! foot 
RO = 6-9-35 = 3:34 ww w 
SUMMARY OF REACTIONS AT DECKS: 
amie at Deck 8 = 2:94 Tons per lineal foot 
oy © * 4755-98 =10-73 Tons per line 
oe oat ge OF TO2*FH=1036 


4-75 Tons per linea! foot 
2:94 w om ow ” 


7:02 Tons per linea! 
5:98 ys ow ow 








oo” 





» &*3-56 Tons per lineal foot 
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Vater in 


8=990Tons| i 
220 Tons 
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THE Dock AND HARBOUR AUTHORITY 
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M odern D ry Docks —continued 








CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON N°3 Sheet N° 38 
DECK ».¢ YNSIDERED AS A GIRDER | DECK c CONSIDERED AS A GIRDER 
—— — 
a, F 36 “Tons per lineal Foot Ts040 = 10 i, 3 ‘Tons per lineal foot 
wens. | SPAN we SPAN = 63° 
of OAD = 61-08 x/0-36 = 840To TOTAL LOAD = 63'S x 10-73 = 896 Tons 


Max. 6.M = 640 x 81-08 = 85/3 Tons at 10006 Rosine 
p30 
To. 2) 


on 4 
1) 





! 
| 
| 


ae a, Sa 7? 
CALCULATIONS FOR MOMENT OF INERTIA 
ont Baty] A_| D | D*] AD JAD?) Te 
Guin Plote(D 1303694) 19:2 [177-9 |31648 | 34/6 |607682] 
px5@ 36-3 |(773 |31435 6436 \N141091 




















MAX. 8M = 896 x 83-5 = 9352 Tons feet = 112224 Tons inches 





| 


> -o—» 





+. —@'0— - 
{ 





CALCULATIONS FOR MOMENT OF INERTIA 
ElementBaoilag ATO TD? TAD [AO™/ Te 
Shin 2 tax oa 303 | 117-9 | 31648 | 4750 [845004 ‘ 








ix ig) 36-3 | 117-3 131835 | 6436 |114109/) 

















Stress due to bending =My = 102156 1178-25 = 334 Tons per Sq in. 
‘  —_— 


MAX. SHEAR = 420 Tons 
Max. Area provided in girder web & Breas thooks 
42 {%/e+(/ex4)} =0 Sq Ins 
Max. Shearing Stress = 420 = 3:8 Tons per Sq. inch 
10 


Shear in front of Frame 22 = 310-8 Tons 
Ares provided in Web = 138x Ya'= 86 Sq./nches 


3/08 


! “” 
bk Pace Guinée x5 10-2 | 8-1 | 7762 | 9709 |855372|265310 Deck Plate}! 75%e xe) 110-2 | BB! | 7762 9709 85537 79530 
csi Plate ‘ So 22-1 | 21-8 | 475| 482| 10496) 1 ShinPMote(@) 72ieéx¥e 27-0 | 2-7 | 471 | S86) 12717 
Outer L \6x6x/4| $°75|175-4 '30765| 10091176899] 19 we vv Q)276n¥| 10-4 | 221 | 488) 230) 5075 } 
Inner L ©6062) 575} 23-8 | 566) 137) 3255) 19 Angle fi, 5°75 \175-4 |30765 1019 /76899 19 
— : * 575|\23-5| $52, 135| 3/74, 19 
2794757 28535) 1 4 i 1 1 ae} 
26535! 3039330 28535/ 
Gross I of Half Section about ¢ = 3080708 | 26535) 
| + } | Gross Iof half section about ¢ 332468! 
Gross I of Whole ww oo) one 6/6026 “2 
tess /6*” for Holes 1026703 | Gross Iof whole +» + «=< 6649362 
3733513 Less /6% for Holes 1106227 
41135 


“. Shearing Stress = GE— = 3 6 Tans per Square Inch 





Net 
Stress due to bending = My = 2224x178 25 - 3 61 Tons per Sq in 
$54) 


MAX. SHEAR = 448 oo. 
Mox Area provided in 
| 43|(Soxt)« Pca jot9ox3)) = 16125 Se is 
Max. Shearing Stress = 6 = = 2-6 Tons per Sq.in 


Area provided in Web = /38x%/e = 86 Ae fess 
321-9 
86 





| Shear in Front of Frame 22 = 32/:9 
| 


. Shearing Stress = = 3:7 Tons per Square Inch 











CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON NO 3 


Sheet N°39__ 





peck B CONSIDERED AS A GIRDER | 


4 


CROSS GIRDERS SUPPORTING DECK A 





MAIN LOAD = 2.94 94 Tons per lineal foot 
DECKS SPAN 87:0" 
Continued | TOTAL LOAD = 2.9487 = 256 Tons 
MAX. B.M = 256x87 = 2784 Tons feet = 33408 Tons inches 
— 





CALCULATIONS FOR MOMENT OF INERTIA 


D | D2 ]AD TAD? ] Te 
96 2| 9254 | 1424 [136959 








Element Scontling| A 
Plate | )|39fax Ja] 14°8 ° 
737 Yax%e\27-7 | 59-1 | 3493 | 1637 | 96756\12663 

@) 75 Y%e\264 | 224 | 488) 62/ | 13713 ° 
° 

° 

8 

6 





G 
4 

g 

- Boe (0 375 | 27 | 471 | 684) 148637 
” 2iJex%e| 82 | 109) 9) B9| 976 
3 Ls ©)sh3eh3) 75 
2s Opnashdd 5-0 |232| 538| 6 





95:0 |9025| 713 |67688 
2690 


333619 12677 


























12677 
Gross I of Half Section about ¢ = 346296 
2 





Gross I of Whole ,, 1 «99 == 692592 
tess ‘/e*” for Holes = 115432 
wer I = 577160 
Stress due to Bending « «My = 33408«96-375 = 5- 6 Tons per Sq. In. In. 
I 577160 


MAX. SHEAR = 128 Tons 
Area provided in Webs & Breasthooks = 42x2-5 = 105 Sq. Ins. 


Shearing Stress= 128 = 1-22 Tons per Sq. inch 








[MAIN  |LOAD per GIRDER due to Live Load ~ tOugei00~ 
| FRAMES ° 22 


7-4 Tons 


99 oe oy Deo =30 
Considering that Cross Girders will act asa 
double cantilever so that all the oohpead reaction 
= oy pS by the centre post 

B.M = 55 Tons x48"= 242-4 oe snchas 


Section Provided = * 33" ye" 
36% Ye Plate Ragies 
Tof Piate = 1458 
Iof Angles = 2460 
e 39! 
Less e""forHoles= 653 
2: 


Stress due to Bending = 24242 = 133 Tons perSq. Inch 


Area of Web = 3633 


eendnetabes 10-148 « 0-75 Tons per Sq.inch 





BRACING TO MAIN FRAME BETWEEN DECKS B&C 





This is designed to support the Vertical member at its 
centre. 


TOTAL LOAD between DECKS 8 8C=!3 a" SxtOn36 =75 46 Tons 


. Reaction at Centre = 37:73 Tk 


Pt ies cna 





z 
a 








epee el 
773 , £40 2139 Tons (2 Sides acting) 


"O95 
Considering Ls in A aR only &2Ls 443%%" 
prow 


for each member ft. « (3-9 « 3-3 Tons per Sq. inch. 
42 





Remaining members made same section 





CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON NO 3 Sheet NO4! 





GIRDER BETWEEN DECK D & KEEL STRINGERS 485 UNDER DECK C 























main SPAN 7°3” Ends supported STRINGERS SPAN 100° Ends fixed 7) ie? erates | 
FRAMES | HORIZONTAL LOAD = 94-4 Tons Continued | soap £10*4-25 . 27.74 Tons 
Continued | 8M. = 94-4 x 87 +8 = 1027 Tons Inches 2:37 whe a ‘at : 
VERTICAL LOAD = 100-5 Tons am, = 2224x1082, 277.4 tons ins 10-2} Po 
fatia Ls . wishin Uy z 
wv ie | Section provided, see sketch Zz 
Section Provided 42'xJo Web CALCULATIONS FOR IXX 
Tof Angles... = 5908 Element | A D |b? [AnD y ABT Te 
lof Plate = 38658 aSada72 Ls foment | At 4 [As = 
9766 A skin Plating) 15 | 163 | 265 | 24! | 397 $ F ! 
tess 'fe"for Holes. 162 WedPioting|) 5 | 5:0! 25| 25 2s | 42 
Net I of Section = EE inches“ bate hege | 3-25) 9-0] o/ | = | 263 | 3.5 
fe = "27g?! + OS? = 5:0 Tons per Sq-inch - 25S TIE B00 
INote:~ CENTRE COLUMNS between DECKS C&D | | Distance to NA owe wale 
made same section | INA = 4416-Ay* = 4416-26°5« neg 
Net I = /O86«5 905 inches4 





| ZMin = 8! 
26-17 Tons | P< = 3-4 Tons per Sqinch 
| STRINGERS Rs_ NOS 9.810 UNDER DECK D 
| SPAN 10'O Ends tne * Ya Angles 
| oan 38 31A2S «45 45 Tons Z 


10'0" Ends 


} 
STMMGERS |STRINGERS, 1,283 Al To joned as calculated for String N°3 | 
| Loan = 83 37545125 = 
6 


’ 
N 
a a 


Bm. = 261-7 Tons ins 


2617x1012 
ee 
Section provided = 30.5/s piote net (neglect 9skun act 9 as flange) 





| of Section = 644 inches ~ oat 
| fF. corms 4-65 Tons per Sq. inch em.- 45 45210812 454 § Tons ins 18 x ‘/2 Plate 
| ; f 
eoremes é. 788 Allos calculated for StringerN26) ae Hs 876 (ignorin ng q Flongs of of Deck D) 
oe ads Fi 245 Plate —r—- * 

TG 9639" 36 19 Tons " 


| STIFFENERS STIFFENERS between STRINGER NO 3 & DECK D 
































ot i SPAN 5'1'/2"@ |'8 centres 20 «¥e Plote 
pone = agpho. wormage ts ia Plate LOAD « 2125125*/66.4963%s oN A 
| caLcULATIONS FOR Ix omen UE: | BM, = 4.963+51250I2=25-43 Tonsins = F 6n3e tk 
Liement— = ae + | ADS Section pr M- Jed sa 7 
Skin Plating) 15 63 275 4995 Element Tx DT br ap AOITE 
rp rong 3-25 en oe A Shin Plate20v¥e| 75 | 6 2|38-4| 47 | 286 1 
lop Angie Angle 6 «3k a3 34)-6) 15 50} ‘6 
BottTAngle| 3-25 | 1-0 3 3 a | ze s¥8 
2750 18 ‘go (SE Distance to N.A = $% = 52 . 16 
| Distance to N.A.= 39% = 12-4" 2333 , I 
| INA =6233-A2%6233-27-5x12475/283 SS ] | INA = 354 18 x5.2%= 354-319 = 35 Inches 
Less ‘/6“ for Holes = 214 * z-#%-67 
. Net I of Section = 1069 ins } a 7 Pee : 
Rey ger te | f =25-43 +67 = 38 Tons per Sq. Inch 
i 








CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON N°3 Sheet N°42 
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STIFFENERS UNDER Deck C STIFFENER ON DECK D 


STIFFENERS|) SPAN 4.4°@ 1'8" Centres (20's Ye Pate ~—— SPAN 4° 4° @ | 8" Centres 20% 96 Plate 













































Continued | ioap.23°5* 4- 33x/66 47 Tene nA Continued | LOAD 38-5x 4.33x1-66+36=7-7 Tons 
47 43312 12 n— VEE? |e™ Z PAS 33412 «33:4 Tons Inches 
BM = 47 x12 . 20-4 Tons inches “ 
Section we, | Section provitee — 
Element JA ID] D2] AD] AD@II€ [_flement [A JO te AD ao?] Te | 
Sin pated} 2= | 31397] 79 [496 fecmeunenl 2g) ¢3/327] 73 [488 2, 
Angle 6%3s%| 324) 3:9) 152| 13 | 49] i2 area 4 
Pas a2 545 18.36 102 590 
/ 2' 
| Distonce oN 7 %q 58 Iex 537 = 677 
INA = 557- 19-74 5-8? ° = | Inx= $7) 
=557-530 = 27 Inches* Distance to NA= =5°5 
inde 
z =$)-465 | INA = 61/-16-36% 5-52 
Fs e = 5:2 Tons per Sq.inch Pa 666 
: ss 3 
| STIFFENERS between premenn N° 8 & DECK D cS +e 
| SPAN =3:9°@ 1'8°Ce (20% $6 Plate f «= as = 3-34 Tons per Sq inch 
LOAD = 3) 625437501667 © 36633 Tons “ s 
Bm.= £23623 75 « 23-75 Tons Inches . E we STIFFENERS between DECK D & KEEL 
| Section provided SPAN 5'0°@ 18 Centres (20 «S/e Prate 
Element | A | D | D2] AD [ap Tie | LOAD = HA.W= 40 SxSxI-66 36-96 Tons wg 
Skin Plate 20% 96 as] 6-3 |39-7| 79 | 496 | amo! 265582. 48 tons inches Gian 
Angle 6i3'x/2| 43| 34} u-6| 1S | SO) 16 | 2 2 x x 





Section provided 













48 = tlement JA | D = 
| 560 Skin Plate 25/168 

| 9s — Flat Packing | 2-0 | 6°25 
| Distance toNA =2% =5-6 Angie | S9 | 40 
20-4 


INA = 560-16-615 6" 





= 560-528 Distance to NA= 385 = 5-9 
= 32 | LNA@77!-20-4%5-97 
z = 32 =57 } ia 
ve \z = 6! =10-2 inches? 
fF = 2375 24-2 Tons per Sq. Inch | 4 
$7 |..f == =4-7 Tons per Sq. Inch 


10-2 











CALCULATIONS FOR GENERAL & LOCAL STRENGTH OF CAISSON N°3 


Sheet N°40 








GIRDER BETWEEN DECK C & STRINGER NO2 | 
ilar 4 


GIRDERS UNDER DECK C 





wan | SPAN =10'3" Reve | 
FRAMES | HORIZONTAL LOAD =1@-375x10'5x10+36= 52-34 Tons 
Continued | VERTICAL LOAD = 12 Tons 
BM = 5234%/23>8 = 804-6 Tons inches 
Section provided exclusive of Skin Plating 


42% Ya Web Plate. BY 33% Ye 
Angles 
Tof Plate 23/51 = 231§ 
Iof — 852x4 = 3408 
— 


Less Ye" Fp Holes 
Net I of Section= ives inches* 
Gross Area = 24-/ 
fe = sores! 2a" 3-55+0-5=4-05 Tons per Sq.Inch 
Note.-GIRDER between STRINGER NO 2 & DECK B 
made same section. 





GIRDER pETeen DECKS C&D 














SPAN I5'0=2) xed 
HORIZONTAL laaDe 35002 $110 = 112 Tons 
aM W2812-5n12 3 
2 “ene Inches A 
ATIC Ss at 2 
VERTICAL LOADS= === 44-75 Ry 
ASCUATIONS. fon I asour XX 
A 62 
| Deck ra 60 | 27-3 | 743 
| Angles 92 | 25-8 | 666 
Web Plate |2 182 
ingles | 4 























Di stance to Neutral Axis =f i 883 «18 a 


Twa = Ix =A" = 20588 = 46-9 x 182 
= 20568-15198 = 5393 
less ‘le? for Holes= 8 999 





I of Section 449. 
Area of Section = 46-9 Gross or 39- 7 Nett 


yo 18. 41-75 


Max fe = Toa * gag = 6S Tons perSq.lach 


Mox.ft= -5-6+0-9 2-4-7 


a eT) 





MAIN | SPAN <12'9" Ends fixed 
FRAMES | VERTICAL LOAD =23-5« 12 — 24 Tons 
Continued | HORIZONTAL LOAD = 56 T% 

| BM. due to Vertical Load = ~63 2440082 = 1061 Tons. inches 


Section ries some ae. Girder between Decks C&D 
Io f Section « = = 4494 inches 


” 46-9 inches? 
_ 1106Ix18 , 56 Tk h 
fc.= 4494 °86-9 = 4:25+1-19 = 5-44 Tons perSq. inc! 
[eee arn, 3060 ww 


Brackets under Deck D 


lie 
od 





K—6.0"-a 


eT6 


a 
ng NOMRZ 
|Upword pressure on xy Sgyais = 136-3 Tons 
| am ot XY =/36°3x76-5-4-62x/53-I2 x72 
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Personalia 


Retirements and Appointments 


Sir Claude Inglis, C.I.E., M.A.I., F.R.S., who has been Director 
of the Hydraulics Research Station, D.S.I.R., at Wallingford, 
Berkshire, since 1947, is retiring at the end of March this year. 

Sir Claude, who is 74, had a distinguished career in the Indian 
Service of Engineers, which he entered in 1906. He was noted 
for his work on loose boundary hydraulic models, and in 1919 
he set up his first model experimental station. In 1937 he was 
appointed the first director of the Indian Waterways Experi- 
ment Station at Poona, a post he held until the end of the war. 

He was knighted in 1945 and elected a Fellow of the Royal 
Society in 1953. 

He will be succeeded by his present Assistant Director, Mr. 
Fergus Allen, M.A., M.A.I., M.I.C.A., who is 36. 

Mr. Allen, who has been Assistant Director of the Station 
since 1952, was born in London. He was brought up and edu- 
cated, however, in ireland and entered Trinity College, Dublin, 
in 1940. After graduating in Arts and Engineering he came to 
England in December, 1943. For several months he worked on 
the famous war-time Mulberry Harbour. 

At the end of the war, Mr. Allen joined Sir Cyril Kirkpatrick 
and Partners, the consulting engineers, as an assistant engineer 
and worked mainly on problems of coast protection. 

In 1948 he was appointed Engineer-in-Charge of ihe Thames 
Model Investigation, under the direction of Sir Claude Inglis. 
Their association together has continued since then. 


Mr. John Donovan, C.B.E., member of the management board, 
British Transport Docks, has relinquished his appointment after 
ten years’ service with the British Transport Commission. 

Mr. Donovan was formerly national secretary, docks group, of 
the Transport and General Workers’ Union, but retired from this 
position when he accepted the invitation of the Minister of Trans- 
port to become a member of the Docks and Inland Waterways 
Executive, with special responsibilities for staff and labour mat- 
ters. When separate management boards for British Transport 
Docks and British Transport Waterways were formed in 1955, 
he was appointed a member of the former. Among Mr. Dono- 
van’s services while with the Commission has been the develop- 
ment of educational and training facilities for the staff employed 
at the docks. 


Obituary 
Mr. Robert Dunlop Brown 


The death has occurred at the age of 73, of Mr. Robert Dunlop 
Brown, former Chief Engineer to the Manchester Ship Canal 
Company. Mr. Brown retired from the Company in September, 
1949, after 27 years’ service. 

Mr. Brown had a distinguished career in engineering since 
serving his apprenticeship as a civil engineer with the Office of 
Public Works, Glasgow, where he was engaged for 7 years on 
tunnelling operations designed for the purification of the River 
Clyde. Apart from his war service in the Second World War, 
he was continuously engaged upon the design and construction, 
in this country and abroad, of a number of large-scale public 
works. 

Before the war he was employed by the Government of Canada 
in the Department of Railways and Canals and for 4 years was 
engaged in the design and construction of the Welland Ship 
Canal and its associated entrance harbours. In 1922, Mr. 
Brown joined the Manchester Ship Canal Company as a Senior 
Engineering Assistant. He was appointed Chief Engineer in 
1945. During his service with the Company he was responsible 
for a great many important development and construction works 
on the Ship Canal. 

During World War II he was a member of the Panel of Con- 
sulting Engineers appointed by the War Office to design and 
prepare works required for the invasion of Europe. Among such 
works he was particularly interested in the means of rapidly 
gaining control over the outrush of land water and the action of 
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the tides through openings created by the demolitio: of dams 
and lock gates. Small working models for the stud) of these 
conditions were prepared in great secrecy at Manches », 
Brown was also consulted about certain harbour op: 


ions 

be carried out in the Far East. _ 

Mr. Brown was for five years Chairman of the N. th-Wes 
Branch of the Institution of Civil Engineers and he vas also 
Chairman of the Professional Advisory Committee set |» by the 
Home Office in 1939. He has written extensively in  echnica] 
Journals and in 1928 he was awarded the Telford Pre ium by 
the Institution of Civil Engineers. After his retirement from 
the Manchester Ship Canal Company, Mr. Brown was i» practice 
as a Consulting Engineer and in 1954 was appointed a member 
of the Board of Survey set up by the British Transport Com. 
mission to investigate and report on the Inland Waterways oj 


this country. 


Viscount Waverley 


it is with regret that we record the death at the age of 75 of 
Viscount Waverley of Westdean, chairman of the Port of London 
Authority since 1946 and one of Great Britain’s leading statesmen 
and administrators 

Born in 1882, John 
Anderson was edu- 
cated at George 
Watson’s College and 
at Edinburgh and 
Leipzig Universities, 
He entered the Colo- 
nial Office in 1995 
and was secretary to 
the West African 
Currency Committee 
in 1911, principal 
clerk in the office of 
the Insurance Con- 
missioners a year 
later, secretary to the 
Minister of Shipping 
from 1917 to 1919, 
when he received his 
knighthood, and 
Chairman of the 
Board of Inland Re- 
venue from 1919 to 
1922. He was Perma- 
nent Under-Secretary 
of State at the Home 
Office from 1922 to 
1932, when he be- 





Rt. Hon. The Viscount Waverley. 


came Governor of Bengal. 

On his return from India in 1938, Sir John was elected Men- 
ber of Parliament (Nat.) for the Scottish Universities and was in 
succession Lord Privy Seal 1938-1939, Home Secretarv of Minis- 
ter of Home Security 1939-1940, Lord President of the Council 
1940-1943, and Chancellor of the Exchequer 1943-1945. During 
this time he acted as Chairman on several committees of Minis- 
ters dealing with security problems, and had special responsibility 
fot che application of science to the problems cf Government. 
including the arrangements for research into atomic energy. AS 
Chancellor of the Exchequer, Sir John was responsible for the 
national finances, including the Savings Campaign and the intro- 
duction of the P.A.Y.E. system of income tax. 

In 1946 Sir John was elected chairman of the Port of London 
Authority, being the fourth holder of that office, and in 1952 he 
was created a Viscount. The insignia of the Order of Merit was 
conferred upon him in December last. 

During his chairmanship of the P.L.A., Lord Waverley insti- 
gated the scientific inquiry into the problems of tidal siltation in 
the Port of London. In the last ten years, Lord Waverley has also 
filled the office of president of the Docks and Harbour Authori- 
ties Association and was also a past president of the British 
Standards Institution. He was elected a Fellow of the Royal 
Society in 1945 and held several honorary doctorates with various 
universities. 
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Labour Conditions at New Zealand Ports 


Report of Waterfront Industry Commission 


The Annual Report for the Year ended 31st March 1957 of the 
Waterfront Industry Commission states that satisfactory condi- 
tions have been maintained throughout the year. There has 
been a slight increase in rates of work at most ports and there 
were no stoppages of work through industrial disputes. The 
only lost time was through unauthorised stop-work meetings at 
Wellington and at Lyttelton which, overall, resulted in a loss of 
4,334 man-hours, as compared with 15,327,608 man-hours worked. 
Credit is due to the members of the port unions throughout New 
Zealand for carrying out their undertakings to the Government 
to accept conciliation and arbitration in the settlement of 
disputes. 

The average number of days spent on the New Zealand coast 
by overseas refrigerated vessels which discharged and loaded 
increased slightly from 54.77 days in 1955-1956 to 54.93 in the 
past year. For vessels which loaded only, the average was 31.56 
days, as compared with 32.48 days. Although there was very 
little difference between the two years’ figures, however, the 
average cargo carried in each vessel dropped from 18,065 tons 
to 15,977 tons for vessels which discharged and loaded and from 
7,880 tons to 7,310 tons for vessels which loaded only. A total 
of 124 vesels discharged and loaded, compared with 112, while 
25 loaded only as against 23. The turn-round of oversea refriger- 
ated vessels was not, therefore, as good as the previous year. 
The report attributes this to the serious delays to shipping in 
October and November, 1956, awaiting refrigerated cargo, due 
to the delayed killing of lambs, and also through an increase in 
the average number of ports visited by each vessel involving in- 
creased steaming time between ports. 

The total cargo discharged and loaded at New Zealand ports 
for the year ended 31st March 1957 was 10,905,000 tons, com- 
pared with 11,268,000 tons in 1955-56, a decrease of 363,000 tons. 
The carry-over of dairy produce in cool store at the end of the 
1956-57 season (3lst July) was 24,200 tons, compared with 
29,800 tons in 1956. The quantity of dairy produce graded for 
export was 251,240 tons, compared with 257,280 tons. The 
carry-over of meat in cool store at the end of the season (30th 
September) is estimated at 30,000 tons, compared with 34,000 
tons in 1956 and the quantity of meat killed for export (including 
processed meats) is estimated at 405,000 tons, compared with 
419,000 tons. 

Good industrial relations between employers and workers were 
maintained during the year and the Commission has had full co- 
operation from employers’ and workers’ organisations in carrying 
out its functions. The Commision again emphasise that if the 
efficiency of the industry is to be maintained and improved, it is 
imperative that employers of waterside labour exercise adequate 
and continuing supervision to ensure that men work the full 
hours for which they are paid. The Commission recommended 
to the New Zealand Port Employers’ Association that a training 
scheme be introduced for foremen. The association has now 
approved of such a scheme but training has not yet commenced. 


Dockers’ Wages 


The average weekly wage of waterfront workers fell from 
£20 2s. 8d. in the previous year to £20 ls. 3d. in the past year, 
while the average weekly hours worked dropped from 474 hours 
to 46 hours. Variations in the average weekly earnings in the 
two years, the report points out, are due to the reduction in aver- 
age hours worked, the slight increase in average rate of bonus 
paid and because the 1955-1956 figures cover only a portion of 
ne a for a wage increase of 3d. per hour made from August 

There have been further increases during the year in non- 
roductive time at most ports. The gradual increases in non- 
productive time in recent years shows the desirability of giving 
effect to the Commission’s recommendation that there should 
»¢ a general revision of contract rates and the incorporation of 
‘on-cargo working time in the revised rates so as to provide the 


THE Dock AND HARBOUR AUTHORITY 321 


necessary incentive to workers to reduce non-productive time. 

The Commission point out that there has been a tendency 
from time to time to highlight the earnings of waterside workers. 
The Commission consider that in publishing earnings of water- 
side workers it is only fair to mention that a substantial portion 
of the relatively high average earnings of waterside workers is 
obtained by long hours of overtime and bonuses earned through 
better work. Waterside work is carried out at most ports over 
a span of 59 hours in the week and additional hours may also be 
worked where a vessel is finishing. 

Agreement was reached between employers and workers for 
a reduction of hours at Bluff for a trial period of twelve months 
from December 3 1956. Instead of working between 8 a.m. and 
9 p.m. Mondays to Fridays, with two meal-hour breaks and 8 a.m. 
to noon on Saturdays, work is carried out between 7 a.m. and 6 
p.m. Mondays to Fridays with one meal-hour break and between 
7 a.m. to noon on Saturdays. There is also provision for working 
additional hours, if required, on the day a vessel is finishing. The 
experiment has proved beneficial to both workers and employers. 
Through finishing work at 6 p.m. the men are able to enjoy more 
home life and the reduction of approximately four hours of work 
per week has resulted in little, if any, reduction in earnings 
because of the higher rates of pay between 7 a.m. and 8 a.m. and 
5 p.m. to 6 p.m. and because of increased bonuses earned through 
improvement in rates of work. The elimination of one meal 
hour has reduced non-productive time in the handling of hatches, 
etc., and it has been found in respect of overseas vessels that a 
greater quantity of cargo is handled in the ten-hour day as against 
eleven hours previously worked, and that stevedoring costs have 
been reduced. Workers at other ports are showing some interest 
in the Bluff experiment. 

The voluntary PAYE scheme for payment of income tax which 
was first introduced at Wellington in October 1953 and extended 
to all other ports in 1955 is operating very smoothly and has been 
of great benefit to the waterside workers who have availed them- 
selves of this service. The operation of this scheme should also 
enable the Commission to apply the compulsory PAYE scheme 
with a minimum of difficulties. 

So as to reduce delays to shipping through payment of wages, 
the Commission in September 1953 arranged for the payment of 
wages to be made from mobile pay van at ships’ side at Welling- 
ton. This service has now been extended to Dunedin and Auck- 
land and is operating efficiently. 


Profit Distribution 

Due to reduction in total tonnage of cargo handled, the amount 
of profit distributed under the Commission’s co-operative con- 
tracting system was reduced from £994,668 in 1955-56 to £983,468 
this year. There was a slight increase in the average rate paid 
per hour. The amount paid out by the Wellington Harbour 
Board decreased from £51,234 to £46,431, while the amount paid 
out under employers’ incentive schemes increased from £48,966 


to £56,631. 


Stevedoring Costs 

There has been a general tendency for stevedoring costs to 

increase during the year. This is due to: 

(i) The increase in basic rate of pay from 5s. to 5s. 3d. per hour 
from 22nd August 1955 resulted in 1955-56 stevedoring 
costs bearing increase for portion of year, while 1956-57 
costs include increase for the full year. 

(ii) The increase in non-productive time for the handling of 
most classes of cargo. 


Availability of Labour 

The actual bureau strength of bureau registers increased from 
6,229 at 3lst March 1956 to 6,275 at 3lst March 1957. 

It is not practicable to fix the limitation of the bureau register 
at each port to meet peak shipping needs. Substantial fluctua- 
tions occur in the daily labour requirements at each port due to 
irregularities in the movements of shipping through seasonal 
variations in the volume of trade and through weather delays. In 
fixing the bureau limitation regard must also be taken as to its 
effect on the average hours of work and earnings of registered 
workers and the cost of daily and weekly guarantees. 








Labour shortages exceeded surpluses at only two ports, viz., 
Auckland and Lyttelton. The labour position at Wellington and 
Bluff improved during the year under review. When shortages 
of registered labour occur every endeavour is made to meet the 
deficiency by the use of non-registered workers including crews 
of overseas and coastal vessels. 


Guaranteed Minimum Payments 


The total amount of daily and weekly guarantees for the year 
ended 31st March 1957 was £160,184 (consisting of £98,631 daily 
guarantee and £61,553 weekly guarantee), compared with 
£120,743 for 1955-56 (consisting of £73,654 daily guarantee and 
£47,089 weekly guarantee). The cost per man-week increased 
from 10s. 3.58d. to Ils. 2.14d. Attention is drawn to the high 
cost of guarantees at Greymouth, Oamaru, Napier, and New Ply- 
mouth. The increased cost of guarantees this year was due to 
less regular work on the waterfront through reduction in cargo 
handled. 


Accommodation and Amenities 


Further progress has been made during the year by the Port 
and National Amenities Committees in improving the standard 
of amenities for waterside workers. Several meetings have been 
held with the Auckland Harbour Board regarding the provision 
of major amenities for the port of Auckland, but no agreement 
has yet been reached as to the site. The permanent amenities 
building at Jellicoe Wharf was completed during the year. At 
Wellington additional land has been obtained from the Govern- 
ment for the erection of a new amenities building at Hinemoa 
Street. The waiting room above the cement store and alterations 
to Fryatt Quay cafeteria were completed and plans were approved 
for waiting rooms and cafeteria at Kings Wharf and Inter-island 
Wharf. Contracts were let during the year for new amenities 
buildings at Wanganui and Mount Maunganui, and progress was 
made on the extensions to the Napier and Gisborne buildings. 

The first-aid clinics at the four main ports continue to provide 
efficient service to workers‘ injured on or about the waterfront. 
The restaurants and canteens administered by the Commission 
are also providing an efficient and necessary service to workers 
in the industry. 





Permanent International Association 
of Navigation Congresses 


Excerpts from Annual Report of British Section 
for year ending 30th November, 1957 


The Committee arranged for the organisation of the XIXth 
Congress and for the contribution of Papers from the United 
Kingdom during the 1956 Session. At their meeting in Novem- 
ber 1957 the Committee received the Report of the British 
Organising Committee which had been set up as recorded in the 
last Annual Report. 

The British National Committee in disbanding the Organising 
Committee and its Sub-Committees placed on record its apprecia- 
tion of the invaluable work they did in organising the Congress 
and which was fundamental to its undoubted success. 


Permanent International Commission 


A meeting of the Commission was held at the Institution of 
Civil Engineers, London, on Monday, 8th July 1957, prior to the 
official opening of the XIXth Congress. The United Kingdom 
was represented by twelve members, and a report of this meeting 
will be published in the Bulletin in due course. The work of 
the Commission consisted of routine matters on new members, 
executive report, financial return and subscriptions, technical 
dictionary, etc. and the following items: 

(a) Proposal to restrict to ten the maximum number of Official 

Governments to a Congress. U.S.A. questioned the appro- 
priateness of this proposal which was, therefore, deferred 
until the next meeting. 
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(b) Proposal to set up a Regional Section for the P.. ific ang 
Indian Oceans. The Executive had made good prc ss with 
this item, but it remained to be confirmed that Gov rnments 
concerned would be prepared to find the necessar\ unds. 

(c) Report on the Study Commissions of P.I.A.N.C. 

(i) The International Commission for the stuc) of the 
standardisation of signals on navigable wat. vays jp 
Europe. The report has been completed and is | iblished 
in French entitled “ Signals for Navigable Waterways,” 

(ii) International Commission for the study of Depths in Sea. 
ports and their Approaches. Member count::es have 
now reported and all reports have been published in the 
Bulletin. 

(iii) International Commission for the study of the Force of 


Waves. The work under the Chairman, Monsieur de 
Rouville, continues and the Russian delegation requested 
a representative on the Commission. 


XIXth Congress (London)* 

The Committee is deeply indebted to many authorities for the 
enthusiastic support and lavish hospitality which was received in 
organising the various visits and excursions in the programme, 
With this co-operation the high standard set by previous Con- 
gresses was maintained. 

The Finance Sub-Committee is to be congratulated on the suc- 
cess of its efforts in obtaining financial support. At the same 
time record should be made of the Committee’s appreciation of 
the generous support received from consulting engineers, civil 
engineering contractors, port authorities, shipping companies, 
public utility undertakings, oil companies and other industrial 
and commercial concerns. 

The attendance was the largest at any Congress of the Asso- 
ciation. Thirty-nine countries were represented and an analysis 
shows that 622 Technical and 338 Non-technical members 
attended, making a total of 960. 


Technical Sessions 

On the eleven subjects discussed at the Congress, 105 Papers 
were presented from 24 countries. The technical sessions of the 
two Sections of the Congress were held at the Institution of Civil 
Engineers by kind permission of the €ouncil of the Institution. 
The Committee wishes to record its appreciation of this gener- 
ous action on the part of the Institution. 

The conclusions and wishes of the Congress on the Questions 
and Communications have been published in Bulletin No. 45 re- 
cently issued by the Association. 

The British National Committee at its November 1957 meeting 
discussed these conclusions and wishes, and with regard to (a) 
the handling of cargo and (b) the transport of oil, agreed to 
recommend to Brussels that these be dealt with by a procedure 
similar to that adopted for the Report on the Depths to be 
Provided in Seaports, viz., that each National Committee should 
set up a Special Committee to formulate a Report on each of these 
subjects. 


Membership of the British Section 
The present membership figures are: 





1957 1956 Increase 
Life Members 48 36 12 
Private Members 102 76 26 
Corporation Members 73 36 37 

223 148 75 


The large increase of membership which agrees with the inter- 
est which this country has in maritime trade is a direct result 
of holding the Congress in London. It is hoped that those who 
have in this way become acquainted with the work of the Inter- 
national Association will judge its operations to be worth the 
modest subscription which they are asked to pay and will con- 
tinue to give their support and recruit those who are not et 
acquainted with the useful work which is done. 





* An account of the 19th Congress was published in the July and August. 
1957, issues of “ The Dock and Harbour Authority. 
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sand Transport at Southern End 


of the North Sea 


By A. H. STRIDE and D. E. CARTWRIGHT 


The sea’s ability to destroy and to build 
up coastal lands is well demonstrated by 
the changes taking place at the margins of 
the North Sea. Associated offshore changes 
are less dramatic and it has been largely 
through the use of radioactive and other 


types of tracers that their importance has 
been appreciated in several parts of the 
world’: ~. 


On the floor of the North Sea, south of a 
line from north Norfolk to Helder in Hol- 
land, echo sounding has revealed the pre- 
sence of ridges commonly about 15-ft. high 
and about 150 yards apart which are 
orientated normal to tidal streams. These 
ridges, which are made largely of sand, are 
commonly called sand waves. The known 
places of occurrence and absence are show. 
by solid and dotted lines, respectively, in 
Fig. 1. Their profile, in a section approxi- 
mately normal to the crests (Fig. 2) is char- 
acteristic of sand waves advancing in the 
direction faced by their steep slopes*: *. Van 
Veen’ drew attention to the northerly drift 
of ridges off the Dutch coast in 1936 and the 
same direction was found when the present 
soundings were taken in 1956, after an in- 
terval of twenty years. The steep slopes 
of two patches of ridges off the English 
coast were also found to face in the same 
direction throughout two days and when 


examined after periods of six months, so 
that the direction of advance of the sand 
waves is sufficiently stable to be worth 
recording. 

The sand waves are moving in the direc- 
tions shown by the point of the arrows in 
Fig. 1. The orientation of the solid arrows 
is probably correct to about 5 degrees while 
the dashed arrows may be about 10 degrees 
from their true orientation. The dashed 
arrows off the Danish coast refer to the sand 
waves found on the nearby sounding lines 
and are not necessarily in places where sand 
waves will be found. 

Off the Dutch coast the ridges are moving 
northwards on a front about 40 miles wide, 
while off the East Anglian coast they are 
moving predominantly to the south towards 
the Thames estuary, on a front about 10 
miles in width (Fig. 2). The direction of 
transport off the Dutch coast is just what 
would be expected from the known direc- 
tion of net drift of the surface to bottom 
waters® **:*. The southward transport off 
the English coast is in accord with the net 
drift of surface waters, although probably 
restricted to a rather narrower belt as the 
bottom water drifts to the north at position 
more than 20 miles off shore. There are a 
few apparently anomalous features which 
require explanation, however. Off the East 
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Fig. 1. The sea floor between south-east England and Holland; solid lines show the 


places of occurrence of sand waves with an asymmetrical profile (dotted lines indicate 


‘bsence of sand waves). 


Their direction of advance is shown by arrows within 5 


‘egrees (solid) and about 10 degrees (dashed) of true orientation. The arrows off the 
Dutch coast refer to ridges on the solid lines. 
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Anglian coast there are northerly moving 
sand waves at three places (top left corner 
of Fig. 1). It is thought that these are pro- 
tected from the south-moving streams, be- 
cause they are associated with a pattern of 
banks which elsewhere are indicative of a 
partial separation of the ebb and flood 
streams. 

The solitary northward moving train of 
sand waves in the Thames approaches (bot- 
tom left of Fig. 1) is quite in keeping with 
the net surface drift of water as measured 
at the mid Barrow lightvessel, farther south 
in the same channel. 

The two southernmost arrows show that 
sand waves are moving towards the Straits 
of Dover, but since they wili be turned back 
by the northward drift in that channel they 
must eventually contribute to the sand 
waves moving north on the eastern side of 
the North Sea. 

The pattern of sand drift, deduced from 
the moving sand waves and from the net 
drift of water is shown in Fig. 3. Of course, 
this pattern may have to be modified as 
more information becomes available. 

It seems worthwhile to make an estimate 
of the rate of advance of the sand waves as 
this gives a measure of the net transport of 
sand. It is assumed that the net drift of 
water superimposed on the tidal streams 
determines the rate of advance of the sand 
waves, as the two are moving in the same 
direction. Since existing theory of sand 
movement applies only to unidirectional 
flow of fluid, we have found it more con- 
venient to refer to measurements made by 
Ballade’ in the estuary of the Loire, where 
conditions comparable to those in the North 
Sea are operative. 

For comparison purposes use is made of 
a parameter 9 defined by Bagnold'’ to char- 
acterise tangential stress on a sand bed 
caused by a steady flow, as a criterion for 
grain movement. This parameter is defined 
approximately by 


tan /> 


where 

=density of sand 
o=density of water 
d=depth of water 
D=n 


B 


lean grain diameter 
energy gradient of flow. 

The gradient of the flow, 8, is propor- 
tional to the frictional drag per unit area, 
which for tidal movement is generally 
taken to be equal to k ep V*, where V is the 
velocity, and k is a constant’ which does 
not appear to vary very greatly from a 
value of 0.002''. The presence of sand 
waves will increase the value of k locally, 
but it is assumed that their effect in the 
North Sea and in the Loire estuary is of 
similar magnitude. With a cyclical tidal 
current of amplitude U and a small net 
drift u in the direction indicated by the 
sand waves, it is easily shown that an equi- 
valent mean gradient is proportional to Uu 
in the direction of u. The differences in 
0, o, and D in the two areas under com- 
parison are negligible, to the order of accur- 
acy assumed, so the product dUu is taken 
as the criterion of similarity. It is proposed 
to make the calculation only for the sand 
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waves accurring in the 40-mile wide belt 
off the Dutch coast as these are all moving 
in the same direction. Suitable mean values 
for this region are: d=13 fm. U=1.1 
knots, u=2.5 sea miles/day. For the Loire 
estuary in the region of Ballade’s observa- 
tions, d=2.5 fm., U=2.5 knots, so that for 
similarity u=5.7 sea miles/day. In Ballade’s 
units this corresponds to a net water flow 
of about 120m.*/sec., and comparison with 
Fig. 1 of his paper shows that (although at 
the lowest limit of his measurements) a 
forward movement of sand waves of 0.1 
metre per day would be of the right order, 
within a factor of 2, say. This means that 
an average daily volume of sand of height 
sh (where h is the average wave height) 
and length 0.1 metre, crosses a plane of unit 
width normal to the stream. Since h in both 
localities is about 3 metres, and the waves 
extend for about 40 miles from the Dutch 
coast, we obtain an estimate for the total 
volume of sand crossing a plane 40 miles 
wide of four million cubic metres per year. 

The rather distinct mineral assemblages 
of the sands on the western and eastern 
parts of the southern North Sea suggests 
that the two sand streams are distinct'”. 
Most of the south- going stream is presum- 
ably added to the banks in the ihames 
estuary. If they are distinct, then the 
thickness of sand on the eastern side must 
be decreasing because none is being added 
by the River Rhine and only about half a 
million cubic metres per year is coming 
through the Straits of Dover’*. 
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Fig. 2. Typical sand waves off the Dutch coast as shown on an echo-sounder record. 
The profile is approximately normal to the ridges and the steep slopes face NNE. 
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The deduced pattern of sand transport on the floor at the southern end of the 
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Distr bution of Oil Products in the 
United Kingdom 


Imporiant part played by Waterbourne Traffic 


(Specially Contributed) 


Before the last war it was customary for oil refineries to be 
built at or near the main crude oil producing centres, for example, 
at Abadan and Curacao. The refined products in multi-grade 


§ cargoes were then distributed ali over the world to the marketing 


areas, many of which were served by small ports unable to 
accommodate ships of very large tonnage. 

In the years following the war, however, economic and 
and political factors have combined to bring about a complete 
reversal of this policy. Instead of carrying in small ships, the 
many grades of refined oil the preponderance of crude oil is now 
carried on regular scheduled runs between the major producing 
areas and the large refineries. Whereas before the war 80% of 
all the deep sea carriage of oil was in the form of refined pro- 


= ducts, now the reverse is the case and 80% is carried in the form 


of crude oil. ae 
This factor has considerably influenced the distribution policy 


© of the major oil companies in the United Kingdom. The return 
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©) to individual operation after the war saw the commencement of 








A typical ccastal tanker. 


ba period during which the policy and pattern of distribution has 


undergone complete modernisation. Under the pre-war system, 
broadly speaking, the refined products were imported directly 
from abroad to main installations at various ports throughout 
the country, and from these installations supplies were carried by 
small coasters, by barge and road and rail to several hundred 


3 sub-installations and depots. 


Lon, ia 


Sa a el ch! 


The creation of new or enlarged refineries around the coast, 
such as those at_Heysham, Stanlow, Coryton, Fawley, Llandarcy, 
etc., formed the basis of this post-war distribution policy. As 
far as economically possible, distribution to the consumer areas 
is effected direct from these and other specialised production 
centres. Bearing in mind Great Britain’s extensive seaboard 
and system of island waterways, it is understandable that water- 
borne transporation forms a large and important factor in the 
succeeding links of the distribution chain. 

Thorough surveys, undertaken from all aspects, have assisted 
the oil companies to decide on the number and type of depots 
and the best locations for them, to provide adequate delivery 


service. In this connection the improved working radius of 
mocern road vehicles must be borne in mind. 

_/ 1 waterborne distribution movements are in three main 
divcions. The largest covers the maintenance of supplies to the 
min installations. At these, the existence of sufficient storage 


tars which in the past were used for the reception of foreign 
Sv u~ ‘les, now enables deep sea tankers to be used for replenish- 

purposes. Although for coastal work the limitations of 
' the shore tank installations or depth of water as a rule do 
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A tanker barge at the entrance of the oil dock at Diglis on the 
River Severn. 


not permit the use of a vessel much beyond 18,000 d.w., vessels 
carrying larger cargoes have occasionally been accepted. 

From the economic standpoint every endeavour is made to pro- 
vide for the discharge of a full cargo at one point, but the increase 
in the number of grades now handled imposes considerable 
limitations on shore storage and quite probably, commensurate 
with the size of the tanker employed, it will be necessary to dis- 
charge at two or even three terminals. However, it may be said 
that, wherever possible, it has been found more economical to 
move products from the refineries to the primary installations in 
tankers of approximately the T.2 size, and later transhipping in 
small vessels, rather than to ship long distances in small coasters. 

The second type of distribution is to the intervening areas 
between the economic radii of the main installations. These 
areas are covered by a series of sub-installations and depots care- 
fully sited, on the various waterways, many of which are newly 
constructed, together with others which have been, or are in 
process of being, modernised both in layout and facilities for extra 
tankage to meet the forseeable trade. 

The storage capacity at these sub-installations is sufficient to 
allow for replenishment by coastal vessels, the majority of which 
fall within the 700/1,200 ton carrying capacity range. However, 
to cater for special requirements there are also vessels available 
with capacities as low as 130 tons or as high as 3,300 tons. The 
extent of this coastal movement may be judged from the fact that 
over three million tons have been moved over a period of twelve 
months by one oil company alone. 

The third category of waterborne distribution comprises the 
depots catered for by the estuarial craft and barges. The craft 
owned by the oil compnies carry a proportion of this trade, but 











Small self-propelled diesel tanker for use on the River Thames. 








Distribution of Oil Products in the United Kingdom—continued 


the major tonnage is carried by lighterage contractors. The 
annual volume of the traffic is in the region of 2,600,000 tons 
which is carried on all the principle waterways of the British 
Isles. The bulk of this traffic is administered by British Trans- 
port Waterways, which carries approximately 1? million tons of 
petroleum products annually. A large percentage of this trade 
is conveyed from port installations on the Humber (Killingholme, 
Saltend, etc.) to waterside storage depots in Leeds and other 
places in the West Riding, Nottingham and the Midlands. 

On the west coast the installations at Gloucester, Worcester 
and Stourport along the River Severn are supplied from the Bris- 
tol Channel. Since 1949 there has been an increase of 50%, in 
oil traffic passing on the River Severn and of 60%, on the River 
Trent. 

The traffic is conveyed in modern self-propelled tank barges 
of up to 450 tons capacity. A typical vessel plying between 
Avonmouth and Stourport is built to a maximum size which is 
almost the exact dimensions of the furthest lock to be passed on 
the way upriver. This gives the average vessel in use an overall 
length of 92-ft., a moulded breadth of 18-ft. 9-in. and a depth of 
7-ft. 3-in. Maximum speed is in the region of seven knots with 
diesel engine of approximately 100 h.p. An auxiliary engine 
drives a generator to provide electricity for heating and cooking. 








A River Thames tow of four petroleum barges. 


During the course of a year the vessels average approximately 
100 trips from Avonmouth to Stourport, carrying, at the rate of 
40,000 gallons per trip, 11,500 tons per year. 

While the tankers employed for coastal work can be said to 
follow a more or less common pattern, with estuarial and river/ 
canal craft a certain amount of variation in design becomes 
apparent, variation normally dictated bv local conditions or port 
regulations. Thus, for the carriage of low flash products on both 
the Thames and the Manchester Ship Canal, Bye Laws call for 
the use of craft in which sufficient space must exist between tank 
walls and the hull or bulkheads to permit an examination of every 
part of the tank. These conditions are relaxed to some extent 
in the case of self-propelled barges. On the Thames further 
regulations applied by the Port of London Authority restrict the 
numbers of barges in any one tow to four when the cargo con- 
sists of motor spirit and to six craft when oil is being carried. 

The non-propelled barges used for cartying petroleum pro- 
ducts on the Thames are mainly of two types. The first consists 
of single skin oil-carrying vessels, divided into two or three 
separate compartments. No pumps are installed but the vessels 
are equipped with heating coils with which to warm the cargo 
and so facilitate unloading during cold weather. 

The second type of barge in use is the double skin motor spirit 
barge, in which access has to be allowed for the inspection of 
every part of the tanks. 

Both types of barge are of 100/250 tons d.w. and an average 
tow along the river normally consists of 800/1,000 tons of cargo. 

On the River Thames the trend may be said to be moving away 
from the use of the dumb barge for. the carriage of petroleum 
products and toward the use of small, self-propelled diesel ves- 
sels of 450/500 tons d.w. These vessels, employed on a typical 
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in port operating circles because it Was believed that the Scheme 7 
in its existing form was not shaped to prevent irresponsible action | 
and it was hoped that the Report would at least recommend cer- | 
tain steps to give opportunity to improve discipline within the | 
industry. Experience had proved that one inherent weakness of 7 
the Scheme was that its disciplinary machinery was not effective 7 
and this weakness was thought to be mainly due to the variety | 
of roles trade union officials were called upon to play. They had 
to begaart managers of the labour force, protectors of their mem- 7 
bers’ interests and also both judge and advocate of men charged 
with breaches of discipline. 

A sequel to the publishing of the Report occurred last month 
in the House of Commons when the Minister of Labour and 
National Service was asked what conclusions he had reached 
from his consideration of it. In reply the Minister said that the 
committee of which Mr. Justice Devlin was chairman, made two 
main recommendations. First, that the existing structure of the 
Dock Labour Scheme involving joint control by employers and 
workers should be preserved. Secondly, that the National Dock 
Labour Board might be given the opportunity to exert a greater 
degree of leadership in dealing with the various ‘problems of dock 
labour. 

“T have now considered the observations of all bodies con- 
cerned in the industry and I have discussed the main recom- 
mendations with representatives of the National Joint Industrial 
Council for the port transport industry and the chairman and 
deputy chairman of the National Dock Labour Board. | have 
decided to accept the recommendation that the structure of the 
scheme should remain unchanged. , 

“Tam happy to inform the House that all parties accept this 
decision. Both sides of the industry have given every assurance 
of their wholehearted co-operation in operating the scheme in the 
spirit which such a form of partnership demands. ae 
“As regards the second recommendation, I have decid=d in 


lary, 195 Jan 
river journey such as from Canvey Island to Wan rth, are i 
capable of making the round trip in one day, each °g of th m the 
journey taking three hours. Equipped with pumps vering ie the 
a rate of 200/300 tons per hour the discharge of t). vessel ; the 
usually completed in two hours. Not only is the © 1¢ of th ia 
journey considerably reduced (a barge tow normal requiring ; / 
six hours to make the journey in one direction) but a!» the cop. - 
ditions for the men working the vessels are a great in. rovemen i - 
on those experienced by the barge crews. ‘oth 
A further important aspect of the waterborne dist: bution yf) ms 
oil is covered by craft working within ports to effect t= deliyey )) sid 
of bunker oil. This movement is in the order of neariy 2 million)  " 
tons annually, again shared between craft owned by the petro) 
companies and contractor’s craft. Be 34 
In addition to the building of certain new waterside storags 2! 
for which a number of new craft have been specially laid down | ho 
there has been a notable advance in the adoption of the Voith)) 
Schneider method of craft propulsion. This form of propulsion, 7 = 
being directional, obviates the use of normal steering gear aj) °° 
its manceuvrability makes it particularly suited for the condition) 2" 
found in the confined waters of the estuaries and creeks in which 7 
the vessels operate. With the new small depots, as with certain)  ™ 
of the smaller coastal depots which dry out at low tide, wher 3 of 
there is not an adequate depth of water the berth must be sul. he 
ficiently level and the vessel so constructed to allow the hull to! of 
“ sit’”’ at low water. Fe h 
It is to be concluded that a pattern of distribution has now )% i 
been evolved where road and rail complete on an economic 
basis in supplying bulk petroleum products to inland areas whilt)) 
coastal areas and those parts accessible by river and canal ar | 9 
supplied by waterborne craft ranging from 22,000- to 50-ton N 
barges. 
° ° a 
Dock Labour, Ports and Shipping I 
e 
Minister’s Replies to Questions in Parliament q 
The Devlin Report on the National Dock Labour Scheme was © 
issued in July, 1956. At that time, it caused much dissatisfaction | : 
1 
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Dock Labour, Ports and Shipping—continued 


the interests of the development of the work of the N.J.I.C. that 
the functions of the Dock Labour Board should not be extended; 
the board will continue as at present. The decision is in accord- 
ance with the views expressed to me by the interests concerned.” 

Asked whether he had reason to think that “ now the life of 
this imaginative brain-child of Ernest Bevin is to be renewed, 
the public can hope that a modern attitude on all sides will seep 
through this industry, increasing efficiency and welfare and 
reducing costs and disputes,” Mr. Macleod replied, “ I asked both 
sides to join in operating the scheme to the fullest sense of part- 
nership. I have had the most warm response from them and | 
am very grateful to both sides of the industry for that. As far 
as industrial disputes are concerned, we have now had as long 
a period of peace as most people can remember in dockland. I 
hope it goes on.” In reply to another question, the Minister 
said that now that the basic principle of the Scheme had been 
reaffirmed and accepted by everyone concerned, it would be easier 
to discuss in the spirit of partnership many of the matters which 
are bound to arise. 

[Many port officials will not agree with the foregoing state- 
ments by the Minister. It is true that there has been a period 
of peace in the industry. It is also true, however, that the in- 
herent weakness of the Scheme has not been removed. Employers 
of dock labour have had to face up to this and, since the Scheme 
has again had government backing, they have felt that they have 
no option but to make the best of it as it stands and accept 
lower standards of discipline, of attendance and of work, and 
also continuing restrictive practices, until the disciplinary 
machinery of the Scheme is strengthened.—Ep.] 


Milford Haven 

At the same session of the House, questions were also asked 
about facilities at British ports and about flags of convenience. 
In reply to an expression of concern that the large oil tankers, 
each of 104,500 tons deadweight which were now building, would 
be unable to enter a British port because facilities were not 
available for them, and that berths contemplated at Milford 
Haven were for vessels of up to only 80,000 tons, the Minister of 
Transport and Civil Aviation stated that he was assured that 
these ships could be berthed at the facilities projected at Milford 
Haven and at those being built at Finnart. The reason for bring- 
ing forward the Milford Haven Bill, he added, was that the fine 
natural harbour would accommodate that sort of ship and larger 
ships, if necessary. 


Flags of Convenience 


In connection with flags of convenience, the Minister was asked 
if he would make a statement, giving figures, on the increase of 
the number of ships built in Britain which, during the last ten 
years, had been transferred from the British flag to “ flags of 
convenience,” and on the loss and damage thereby done to the 
British shipping, shipbuilding and ship repairing industries, and 
what steps he had taken and proposed to take to stop that 
practice and to repair the damage caused by it. 

A written reply was given by the Parliamentary Secretary to 
the Minister to the effect that over the ten years 1947-1956, 181 
merchant ships of 500 gross tons and over, built in the U.K., 
were transferred from the U.K. or Colonial registers to registry 
in Liberia, Panama, Costa Rica or Honduras. Twenty-two such 
ships were transferred during the first nine months of 1957. 
Whilst the gross tonnage of the “ flags of convenience” is cer- 
tainly a matter of concern, the Government did not think that 
banning the transfer of U.K. ships to these registers would be 
an effective means of stopping their growth, nor was it con- 
sidered to be in the country’s interest to take such action. 

_ The Minister was also asked what progress he had to report in 
(he study which the Government had undertaken into the threat 
o the British Mercantile Marine by the ever-increasing fleet of 
‘essels registered in certain South American States, where taxa- 

on was much less than in this country, and where conditions of 
‘ervice for crews left much to be desired. Would he also indi- 
‘te what interim steps he proposed to take in view of the delay 
avolved in awaiting international agreement. In reply, the 
mister said that the problems created by the rapid expansion 


of these fleets are under consideration and he could promise no 
early solution. Certain aspects, however, were being pursued by 
the international bodies concerned and would be considered at 
conferences to be held in 1958. With regard to the second half 
of the question, the Government have already reduced the advan- 
tages which these fleets have over U.K. shipping by doubling the 
investment allowance for United Kingdom ships. 








Timbers for Harbour Works and 
Coast Defence 


Wood Technologists Discuss Contemporary Needs 


The modern trend towards heavier superimposed loads on 
wharves and jetties and the relative scarcity of long, large tim- 
bers of suitable species claimed the attention of the Wood Forum 
at its most recent meeting held in London last December. On 
this occasion the Forum, a group of wood technologists and in- 
dustrialists which meets once a month to discuss problems with 
a bearing on timber utilisation, heard a symposium devoted to 
the present uses of timber in harbour, seashore and river defence 
works. Discussion was preceded by three brief papers pre- 
sented by Mr. R. P. Woods, Chief Scientific Officer of the Timber 
Development Association, Mr. H. Richardson, Industrial Rela- 
tions Officer of the Association, and Mr. J. R. Aaron, of the 
Forestry Commission’s research branch. 


Laminated Timber Piles 

After reviewing the principal requirements of marine timber 
users and describing abrasion and marine borer tests carried out 
at Shoreham and Poole during the past six years, Mr. Woods em- 
phasised the difficulties now experienced in finding 50-ft. piles of 
20-in. x 20-in. and greater cross section. He said he felt a great 
need existed for research into the use of round timber piles which 
were more readily procurable in large sizes than square piles. In 
the United States round piles had been used widely and with 
evident success by harbour engineers, notwithstanding the sup- 
posed difficulties of driving round timbers and securing them to 
square members. Mr. Woods added that he could foresee a 
possible solution to the problem of size in the use of glued lami- 
nated harbour timbers. He was convinced that in the long run 
the engineer’s requirements in load bearing capacity and dimen- 
sions could be met by “ glu-lam” technique. Modern adhesives 
would certainly stand up to sea-water conditions but further 
investigations were needed to ascertain how laminated timbers 
behaved under the impact of driving. 

On the question of marine borers Mr. Woods expressed the 
challenging personal view that Limnoria (Gribble) was a greater 
menace than Teredo in our island waters. In economic impor- 
tance he likened this sea pest to the Furniture Beetle, the chief 
insect enemy of timber on land. Teredo on the other hand was 
about as important as the Death Watch Beetle in old buildings. 


Timber Groynes Most Economical 


The second speaker, Mr. H. Richardson, who has made a 
special study of the performance of sea defence timbers on the 
South Coast, stated that timber was still the most economical 
material for beach groynes. Work had sometimes to be carried 
out in stormy weather and material had to be transported long 
distances over difficult terrain. Timber was the lightest and 
easiest material to use under such conditions. A 300-ft. groyne 
could be constructed in timber for about £1,200, whereas a steel 
structure cost perhaps £7,000 and a flint-faced concrete groyne 
of the most efficient design and construction as much as £20,000. 
Where timber groynes were employed, about 12,000 cubic feet 
of wood were needed for each mile to provide 250-ft. groynes at 
250-ft. intervals. Between 500 and 1,000 cubic feet per mile were 
needed for maintenance each year. Timber groynes, Mr. Richard- 
son claimed, had the great merit of being adaptable so that 
changes in local tidal conditions could be easily met. 

Woods with differing properties were required for the three 











Timbers for Harbour Works—continued 


sections of a beach groyne. The seaward spur section which was 
normally covered by water suffered little from shingle abrasion 
but must be resistant to marine borers. The main or mid-section 
on the other hand must be built of timber which would stand up 
to abrasion. The landward section faced less exacting condi- 
tions and here the problem was decay, though in general this 
was not a serious one. Among the timbers which gave good ser- 
vice in coastal defence works were elm, oak, jarrah, greenheart, 
pitch pine, Douglas fir, larch, beech, pyinkado, turpentine and 
brush box. 
Reinforcing River Banks 


Mr. J. R. Aaron, who made the final contribution to the sym- 
posium, said that in the Lake District and the Scottish Low- 
lands where fast flowing rivers were a problem, 4 to 6-in. larch 
piles and 1-in. x 8-in. larch planking had been used successfully 
to contain the torrent and prevent erosion of banks. Such struc- 
tures had served well for over 20 years and looked as though they 
would last another twenty. Some river boards, he added, em- 
ployed piles driven into the river bed at close spacing to check 
the current, while on the Ouse and in Lincolnshire green willow 
“kidding” was sometimes staked down to consolidate river 
banks. The willows frequently took root and bound loose earth 
together. 





Systematic Recording of the Properties 
of Coastal Waves 


Preliminary Report by Japanese Authorities 





By “ ANCAIOS ” 





Report No. 25 of the Japanese Transportation Technical Re- 
search Institute, dated June, 1957, is of interest in that, although 
only a preliminary report based upon observations taken from 
four stations on shore, it shows that over a period of four years 
the following readings were taken:— 

(a) Speed, duration and direction of wind. 

(b) Atmospheric Pressure. 

(c) Course of typhoons (if any). 

(d) Direction of waves, both surface and swell. 

(e) Time and tidal state. 

(f) Height and period of surface or wind-waves. 

(g) Height and period of “ pressure’ waves or swell. 


Underwater pressure type electrically-recording wave meters 
were used to record the “ pressure” waves. The pressure cells 
were placed about 500 yards offshore on the sea bed, the height 
and period being recorded continuously for twenty minutes every 
two hours at a convenient point on shore. 

In addition the heights and periods of surface waves were 
obtained visually, by theodolite readings on buoys moored over 
the positions of the pressure cells. 

Observations were made during normal conditions and dur- 
ing the periods of typhoons when the period increased from 
about one second to a maximum of about 13.2 seconds, with a 
corresponding increase in wave height of up to about 15-ft. For 
each observation station “refraction coefficients” are intro- 
duced. These coefficients vary in accordance with the wave 
period and direction, and the report does not disclose how they 
were computed. 

The records are analysed by means of wave-energy diagrams 
wherein the energy density (in —cm.* sec. units) is plotted verti- 
cally against the frequency (sec~') for both underwater and 
surface waves. The energy of a wave is 


E=4gpa°L 
per unit width of wave front where 
L=wavelength 
p=density. 
a=half the wave height 
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and in deep water 


b=" 
8g 
The wave energy “spectra” thus obtained are stated 0 be g 
convenient yardstick for assessing the increase and dec: »ase of 
swell and the form and destructive power of the seas at any 


particular time. , 
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Fig. 1 (above). 
Fig. 2 (right). 








The report classifies typhoons by their routes and divides them 
into five main types as shown at Fig. I. It is concluded that the 
wave energy spectra obtained during the build-up and dissipation 
of typhoon waves are typical to the course and severity of the 
typhoon. A diagram showing the typical shapes of wave energy 
spectra on the Japan Sea for a typhoon following route No. 2, is 
reproduced at Fig. 2. 

The period and height of the waves produced by each type of 
typhoon are also plotted against time in days, and similarities 
of the graphs thus obtained are used to justify the classification. 





Correspondence 


To the Editor of “ The Dock and Harbour Authority’ 
O.E.E.C. Conference on Port Productivity 
Dear Sir, 


Whatever statements were made by dockers’ representatives 
at congresses of the International Transports Workers’ Fede- 
ration, it is undoubtedly the experience of port operating 
officials in many ports of the world that dock workers are opposed 
to mechanisation unless it is introduced without affecting man- 
ning scales. In many maritime countries much work has, in 
fact, been mechanised only after employers have had to accept 
this arrangement in desperation. It is true, too, that much more 
work could be mechanised immediately if adequate reductions of 
man power could be negotiated, not only to meet the cost of 
providing the new machines but also to avoid having large num- 
bers of men ostensibly employed but in reality with nothing to 
do but to get into mischief or “ spell.” 

In his letter dated 27th November, 1957, Mr. Becu states that 
whenever the Dockers’ Section of the LT.F. has discussed the 
mechanisation of dock work and related problems, the attitude 
towards it has been constructive. “ For instance,” he says, “ the 
attitude of the Section towards the mechanisation of dock work 
has been favourable, in so far as it is calculated to lighten work 
and to increase productivity, and not to deprive dockers of their 
livelihood.” 

It is very often the dockers’ interpretation of the last few 
words of that sentence that causes stalemate. They do not look 
at the picture as a whole, nor at the picture of the future. They 
regard any suggestion involving a reduction in manning as an 
attempt to deprive them of their livelihood. This is where en- 
lightened Trade Union officials could educate their members. 
It is of little use making statements of policy at conferences if 
no steps are taken to make them effective in the docks. 


Yours faithfully, 


8th January, 1958. “CARGO SUPERINTENDENT.” 
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Reflective Signs for Night-Time 


Navigation 


By R. K. HART, Minnesota Mining and Manufacturing Co. Ltd. 





The principle of retro-reflective materials as an aid to night- 

time navigation is basically simple. The base is either a plastic 
sheeting or a tough fabric, both weather and corrosion resistant, 
to which is permanently bonded millions of microscopic glass 
spheres. 
Phe spheres reflect light back to its source with a reflective 
power up to 185 times that of white paint. The material has a 
wide angle of reflection which proves extremely valuable when a 
small object such as a raft, dinghy or a person is being searched 
for. Another advantage of the material is that it reflects even 
under water. 

Tests carried out by Trinity House, using “ Scotchlite” re- 
flective sheeting on the Knock Watch buoy, have recently been 
concluded, and the value of such material as a night-time navi- 
gational aid has been adopted in principle. Other watch buoys 
will now be similarly treated. The Admiralty, the Port of London 
Authority and other port authorities have also tested this 
material and have commented favourably on its efficiency. Navi- 
gational buoys at Milford Haven and Chichester have also been 
treated with retro-reflective material and the results have proved 
completely successful. 

The Royal National Lifeboat Institution have tested reflective 
fabric, strips of which were attached to oilskins and lifebelts. 
This is because of the inherent danger of lifeboatmen being swept 
overboard in rough seas and the necessity for locating personnel 
quickly, should such an accident occur. All personnel are now 
being equipped with reflective material. The R.N.L.I. have 
adopted reflective protection because in their view the risk justi- 
fies the precaution. Officials of the Institution hope their ex- 
ample will be followed by shipping companies. This would make 
the task of spotting people in rough water much simpler and 
would thus increase their chances of survival. 

The R.N.L.I. were among the first to undertake tests of 
“Scotchlite.” In one experiment the reflective material was 
fixed to a lifebelt and a lifejacket and secured at sea. With a 
spotlamp mounted in the boat, the crew were oble to pick up the 
glow from “ Scotchlite” at three cables distance. Lifeboatmen 
reported that strips of the material showed up quite well even 
when submerged. Similar experiments with special reference to 
air-sea rescue were carried out recently in the United States, 
pilots’ clothing and inflatable rafts being clearly discernible to 
helicopters flying overhead. 

Further tests were carried out in the Solent by the Royal Navy 
Submarine School, HM.S. Dolphin. Here its value for increas- 
ing the visibility of submarine indicator buoys and submarine 
escape apparatus was tested with excellent results. Now a series 
of durability tests are being undertaken. It is interesting to note 








The 
lustration shows (left) the effect by day and (right) the same buoy 
at night. 


\ harbour buoy fitted with panels of the reflector material. 
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Used on inland waterways to improve visibility of signs. 


in cunnection with the R.N. tests that during the trials a piece 
of “ Scoichlite ” measuring l-in. by 6-in. was placed at the bottom 
of a 100-ft. tank. The material reflected strongly in the light of 
a small hand torch. 

A few months ago, two buoys in Chichester harbour, which is 
the base for more than 1,000 sea-going yachts, were fitted with 
“Scotchlite ” panels. Now all have been similarly treated. Cap- 
tain R. H. Milward, Harbour Master and Trinity House Pilot, 
commented at the time that the material met the requirements 
for “an inexpensive substance needing no maintenance and, 
when it is fitted to buoys, mariners using an Aldis or a powerful 
torch can find their way into harbour at night—a great boon par- 
ticularly when bad weather is in the offing.” In his experiments 
carried out to determine the reflection range of various sizes of 
“Scotchlite,” Captain Milward found that one square foot 
patches have a reflective range of 680 yards with an Aldis and 
470 yards with a torch. 


Norwegian Experiments 

Many other maritime countries have been using retro- 
reflective materials for some time, and it is interesting in this 
connection to note the experiments carried out by Commander 
T. Stranger-Johannessen, Chief of Naval Section, Department of 
Lighthouses and Seamarks of Norway. 

After finding that certain other signs were not suitable (owing 
to high cost and lack of adequate reflection) “ Scotchlite ” was 
chosen in 1950 for night-time marking on a fjord which had to 
be used by sand ships on a round-the-clock basis. The signs were 
in red, green and white. The channels were used continuously 
by day and night for thirty months and, after completion of the 
work, these reflective signs were not taken down. They were 
inspected again last year (1957) and were found to be still strongly 
reflective in the dark and the colours, though not so vivid as 
five years ago, were still easy to recognise and to differentiate. 

Following the success of this material for night-time naviga- 
tion, it was decided to signpost with reflective markers the 
complete buoyage of a fairway which hitherto was not equipped 
with any lights. The Norwegian report states that a coastal area 
near Bergen was chosen which, with the main island Bémlo and 
the other twenty inhabited islands, has about 9,000 inhabitants. 
This area was selected because it is a relatively densely populated 
district depending mainly upon marine transport. 

The investigation made by the Department had shown that a 
minimum of 28 lights would be necessary in order to ensure 
comparatively safe sailing in the dark. (This applied only to a 
section of 14 nautical miles). The cost of installing these lights 
was estimated at £22,500, exclusive of maintenance. After meet- 
ings between interested parties, it was agreed to station reflectors 
along the fairway. The installation of the system, consisting of 33 
reflective signs and buoys replacing 28 lights cost £350. Excellent 
reports were received from users. 

One interesting point has emerged from the Norwegian tests. 
It has been found that when the reflective sheeting is adhered 
to aluminium, the signs are not only good light reflectors, but 
also powerful radar-wave reflectors. ‘Wooden buoys and markers 














Reflective Signs—continued 


equipped with “ Scotchlite ” are also clearly visible on the radar 
screen. 

The report concludes “ The Scotchlite sheeting used for our 
trials and practical applications in Norway has given us entire 
satisfaction in all respects. Signs equipped with such reflectors 
are relatively cheap and this new process will enable us to render 
suitable for navigation in the dark fairways and channels which, 
owing to a shortage of funds, could not otherwise be equipped 
with lights in the near future. The reflective sheeting used has 
never been damaged by frost but, of course, the reflective parts 





The paddles stili reflect the light when below the surface. The panels 
on the dinghy stand out clearly. 





Aid to easy location of fire-fighting equipment. 


on floating seamarks which came into contact with drifting ice 
have been abraded in the same way as paint and metal.” 


Expanding Range of Uses 


These new developments are, of course, opening up a wide field 
for reflective materials. For example, for inland navigation, strips 
on lock gates, bridges, piers, etc., would give adequate warning 
to night-time traffic, and ships at sea could be equipped with 
them to make them more easily visible in fog and bad weather. 
On board ship directional signs fitted with “ Scotchlite ” would 
make for greater efficiency and fewer accidents. Fire fighting 
equipment, lifeboat station indicators and many other points 
would also be clearly visible in the beam of a hand torch. 
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Book Reviews 


Record of the Annual Convention of the British Wood Pre 


rvin 
Association Cambridge, July 3—6, 1957. . 

The Annual Conventional Record of the above Associaticn has 
conformed to the same high standards as in previous years “nd js 
fast becoming one of the most useful publications in its fie: that 
is published. 

Each year some new aspect or a review of work in the wood 
preservation field is covered, and what is more valuable, a record 
of the discussions is included after each paper. This, if published 
alone, would be invaluable for it is during discussions that the 
problems besetting users are found out. 

Whilst many of the papers do not directly concern the readers 
of the “ Dock and Harbour Authority ” in each record there are 


several which would well repay any time spent in reading them, 
and the past year is no exception, in fact nearly all are worth 
reading. 

Of particular interest to Harbour Engineers is Professor Ray- 
mont’s paper on “ An Account of Marine Borers with Special 
Reference to Breeding.” This gives the results of some of the 
work carried out by him at Southampton Univers'ty particularly 
in relation to Limnoria—a pest which has been overlooked in the 
past in favour of Teredo—and concerning which little work has 
been done up to the present. Much valuable information is given 
on the habits of this pest but it is stressed that there is much still 
to be done in the field and laboratory before the final answers are 
reached. 

S. A. Richardson’s paper on the “ In Situ Treatment of Building 
Timber for the Control of Wood Destroying Insects and Fungi” 
can have particular reference for those responsible for the main- 
tenance of buildings, etc., as can F. F. Ross and M. Jocelyn 
Wood's paper on “ The Preservation of Timber in Water Cooling 
Towers.” A. J. Bune’s paper on “ The Compatability of Wood Pre- 
servatives and Glues” is yet another paper which, with the in- 
creasing use of glue-lam construction should receive study. 

The tendency is to become an International Convention and 
this aspect 1s shown when the list of delegates attending is 
studied, and also in the papers presented. It must be stressed 
that although the emphasis is naturally on preservation, the stan- 
dard of all the papers is of such a high order that the Record 
becomes a text-book in its own right. 

Those responsible for the production of this Record are to be 
congratuiated in maintaining such a high standard and for the 
collection of papers which cover so many fields and aspects of 
the Preservation Industry. 

Copies of the Record are available to non-members of the 
Association for the price of 12s. 6d., post free, and are obtain- 
able from the Secretary, 6, Southampton Place, London, W.C.1. 


Shipping Practice. By Edward F. Stevens, F.I.C.S., F.C.CS., 
M.LEx. Published by Sir Isaac Pitman & Sons, Ltd., Pit- 
man House, Parker Street, London, W.C.2. Price 18s. net. 

Recognised as the standard work on the subject, this book has 
been thoroughly revised and brought into line with the latest 
practice. It has been written to guide the student through the 
various and extensive subjects connected with Shipping without 

a deep treatment of the law, and the compilation has been 

arranged in a progressive order or study and, as far as is pos- 

sible within the scope of the volume, covers the necessary sub- 
jects for the Institute of Chartered Shipbrokers, Institute of 

Transport, Institute of Export, London Chamber of Commerce 

and Royal Society of Arts Examinations. In addition to its 

value to students, this book is reccommended as a useful work 
of reference to all connected with the shipping profession. 


Port of Tyne Official Handbook. Published by Ed. J. Burrow & 
Co. Ltd., Cheltenham, for the Tyne Improvement Commis- 
sion. 

This new edition of the Handbook as well as giving precise 
particulars of the docks, quays and handling equipment, also 
includes a map of the river Tyne, which shows clearly the location 
of the different industries and facilities. All the usual particulars 
on lighting, navigation aids, dredging, pilotage, towage, etc., are 
also listed. 
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Book Reviews—continued 


he Port of Genoa Annual 
¥/ This well printed publication of the Port Authority of Genoa 


N’ for the year 1956 shows a remarkable progress in traffic and port 


works construction. The volume contains port news, statistics 
and analyses of trade movement, as well as constructional and 
port industrial activities. 

Trade increased steadily through the year so that the figure of 
14 million tons of goods were handled, 16.6 per cent. greater than 
the preceding vear and 87.7 per cent. over the mean figure for 
the years 1928-1938. The intensity of shipping per one metre 
length of quay worked out at 1,067 net tons as against 1.046 net 
tons in 1955 and 737 net tons in 1938. 

The repair and reconstruction of the outer breakwater, which 
was severely damaged in February, 1955, was stated to be about 
85 per cent. completed at the end of 1956, and the shelter rubble 
breakwater protecting the airport in course of construction west 
of the harbour more than 50 per cent. completed. Hydroplanes 
and helicopters were already using the airport, temporary amenity 
accommodation having been erected by the Port Authority. 


Explanatory Handbook on the British Standard Code of Prac- 
tice for Reinforced Concrete (No. 114, 1957). By W. L. 
Scott, M.LC.E., W. H. Glanville, C.B., C.B.E., D.Sc., M.I.C.E., 
and F. G. Thomas, Ph.D., B.Sc., M.LC.E. 164 pages, 31 
illustrations, 63 tables. Price 12s. 6d. 


The new edition of this well-known Handbook retains the 
general arrangement of the previous editions. The revised Code 
of Practice is included in its entirety, and the authors give a 
clear and authoritative interpretation of its requirements. The 
many tables and diagrams now include charts for the design of 
structures by the load-factor method given in the Code, in addi- 
tion to those for use with the elastic theory. 





“The Traffic Pattern of North-west European Ports, Antwerp, 
Rotterdam, Amsterdam, Bremen and Hamburg, and their 
development from the beginning of the century to the pre- 
sent.” By Dr. Horst Sanmann, Hamburg. Published by 
Schiffahrts-Verlag “‘ Hansa,” C. Schroedter & Co. Hamburg. 
1956. Vol. 4, 155 pages and 18 line diagrams. 


This is the fourth volume issued from the commercial training 
college of the University of Hamburg of a series of technical 
works dealing with port matters. It is a well printed, paper- 
backed octavo volume, published entirely in German. 

The author in his studies sets himself the task of continuing 
the argument of comparisons and developments of the trade pat- 
terns of these north-west European ports since they were last 
published, in 1903, by K. Wiedenfeld of Berlin. In this period 
which the author has attempted to cover (1903-1953) there is 
however an omission: he has not mentioned the three important 
ports of London, Liverpool and Le Havre, which were dealt with 
by Wiedenfeld besides the five others. The volume is sub- 
divided into three parts: (1) Ports as trade distribution centres 
(2) Development and progress of goods traffic overseas (3) The 
ports at the middle of the twentieth century. 

The discussion is mainly from the economic angle, trends of 
trade and shipping and the adaption of the ports to cater for the 
progressive changes, inland road, rail and water shuttle systems, 
tariffs, forms of bulk traffic, handling and port services, port 
working and trainees. 

The author’s analysis of the factors influencing the arrange- 
ment of the port works, buildings and equipment related to the 
import and export of goods, and the social atmosphere of the 
port workers is informative. The arguments are greatly assisted 
by the carefully drawn line diagrams; for example, the compari- 
of overseas cargoes, for all the above-mentioned ports for 
> period 1903-1953 shows a series of almost parallel line dia- 
ms, plainly indicating the rates of change to be almost similar, 
sreas the entries and departures of tonnage for the individual 
orts vary considerably. 

_ “his is a volume which would be useful to all Port Authori- 

; Initiating studies of future major port works and planning 
organisations to satisfy the indicated trends. 


can 
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Manufacturers’ Announcements 


Jet Conveyor for Bulk Goods 


A new type of conveyor for handling a wide variety of bulk 
materials is now available in this country. The basic principle 
of the machine, which is known as the “ Jet Conveyor,” is the 
collecting of material between two fast moving rubber belts, one 
above the other, which gives sufficient impetus to the material 
to cause it to be flung forward in a close and directed jet. 

Material can be deposited by the machine at any distance be- 
tween 3 to 80-ft. and the distance can be quickly changed. Bulk 
goods, e.g. sugar, grain or coal, can be stacked to a height of 
approximately 25 to 33-ft. by operating the jet at an angle of up 
to 70 degrees, a great advantage where limited storage space is 
available. The machine is also capable of handling wet materials. 

The Jet Conveyor is of low weight and small proportions and 
can be manoeuvred by one man. It is claimed to have a capacity 
of 80 tons per hour and appears to have a number of applica- 
tions for dock and harbour working, both in warehouses and 
cargo handling. 

The United Kingdom agents for the machine are George Pike 
Limited, Alma Street, Birmingham, and the manufacturers are 
Zelandia N.V. of Rotterdam, Holland. 


New Range of Shunting Locomotives 


John Fowler and Co. (Leeds) Ltd., recently announced that 
they are proceeding with a new range of shunting locomotives 
with power outputs between 176 and 220 B.H.P. The machines 
will be manufactured in both 0-4-0 and 0-6-0 wheel arrangements 
and for a variety of rail gauges both for normal surface operation 
and for flameproof conditions. 




















The prototype 0-4-0 shunting locomotive. 


The prototype of the range, which is a 176 B.H.P. standard 
gauge unit, is fitted with a Leyland/Albion 900 engine and a 
Fluidrive coupling, a Wilson epicyclic four speed gearbox and an 
air operated forward and reverse unit combined with final reduc- 
tion gears to the jackshaft. The machine has an 0-4-0 wheel 
arrangement and a weight, in working order, of 28 tons. The 
overall height of the unit is 11-ft. 3-in., the overall length (includ- 
ing buffers), approximately 20-ft. 10-in., and the overall width 
8-ft. 5-in. The wheel base is 5-ft. 6-in. 


Oily Water Separators 
Messrs. Victor Oily Water Separators of London and Alexander 
Esplen and Co. Ltd., of Liverpool, recently made a joint an- 
nouncement that the “Victor” and “Comyn” Oily Water 
Separators have been successfully type tested and approved by 
the Ministry of Transport and Civil Aviation. These are the first 
two Separators to be type tested in this country. 














Manufacturers’ Announcements—continued 
Mobile Oil Drilling Platform 


An export contract worth nearly £1 million for the first mobile 
oil drilling platform to be built in the United Kingdom has been 
obtained by Steel Structures Ltd., one of the Howard group of 
engineering companies. The contract has been placed by the 
DeLong Corporation of America. 

The 3,000-ton drilling platform, 200-ft. long by 100-ft. wide 
and 16-ft. deep, will be self-contained with air-conditioned 
accommodation for a drill crew of 30 men. It will have its own 
generators, drilling rig, with mud hoppers, capable of drilling 
down to 15,000-ft. below the sea bed and a helicopter platform. 

The hull will be raised and lowered on four retractable legs 
and is designed to operate in water depths of up to 150-ft. Due 
for completion next summer, it will be used in the search for 
oil in south-east Asia by one of the large oil companies. 

Steel Structures have acquired a 15 acre site on Southampton 
Water, adjoining the large George V Graving Dock, where a 
start on the new works is being made. 





Glass Fibre Boats 


Messrs. John I. Thorneycroft and Co. Ltd., with over 90 years’ 
accumulated experience in the construction of small craft for a 
great variety of purposes, have recently embarked on the con- 
struction of glass fibre boats at their Hampton Boat- yard. 

Over a period of years the marine application of glass rein- 
forced plastic has been tried out in a number of countries and 
during the past three years it has been under close and active 
development at Hampton with regard to both its basic properties 
and methods of construction. 





























A 24-ft. general services launch with glass fibre huli ready for 
fitting out. 


The plastic hulls are made from Polyester resin reinforced 
with glass fibre material and the method of moulding employed 
by the firm produces a highly polished exterior skin. Decks, 
bulkheads, superstructure and furniture are constructed from 
orthodox boat building woods, either bonded in with glass fibre 
or internally through-fastened to members provided for the pur- 
pose in the basic hull structure. A renewable wood chafing piece 
is fitted on the outside of the bottom of the keel. The current 
production of standardised hulls consists of four classes of vessel. 
The Gyrinus Class is a 16-ft. general purpose round bilge dinghy 
suitable for diesel or petrol machinery; and Dragonfly Class is a 
24-ft. round bilge work boat, for mooring and dock duties; the 
Polywog Class is a 28-ft. 6-in. multi-purpose hull suitable for 
use as an open launch, passenger carrying launch with canopy, 
towing launch or police launch; the Danielle Class is a 
28-ft. 6-in. motor cabin cruiser with a variety of interior layouts. 
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FOR SALE 
By Order of the E R Minister of Su ply 
a 
6 TON STOTHERT AND PITT DIESEL ELECTRIC PORTAL \y HARF 


SIDE CRANES with AC/DC conversion sets and spares. 5° TON 
RAILMOUNTED STEAM CRANES. HAND AND POWER OPE)}:ATED 
O.T. CRANES. 

Included in an Auction Sale of Surplus Government Equipme: 
held at Drill Hall, Wey Hill, Haslemere, Surrey, February 4th : 
1958. Catalogues price 6d. (P.O. ONLY) from Department 17A 


Clarke Gammon and Emerys, 71 High Street, Guildford. (Tel. 2266/7/9,) 


ALLEN MICHIGAN TMDTI16 DIESEL LORRY MOUNTED CRANE, 8 
TONS AT 10-ft. RADIUS.—B.G. Plant (Sales Agency) Ltd., Watlington, 
Oxfordshire. Telephone: Watlington 44. 


5 TON DOCKSIDE TRAVELLING SHUNTING CRANE. — B.G. Plant 
(Sales Agency) Ltd.; Watlington, Oxon. Watlington 44. 


APPOINTMENTS VACANT 


A qualified MARINE ENGINEER with good electrical knowledge and 

dredging experience is required to take charge of the following duties at 

Mormugao in Portuguese India: 

(1) Supervision of the Dredging, Dredgers and Dredger Crews, and of 
the Electrical Department of the Railway. 

(2) Supervision of the maintenance of the Company’s Marine craft, and 
Electrical Machinery, including Generating Machinery. 


The scale of pay would be £1,400—£75—£1,700. 

For further particulars please apply Personnel Dept., Sir Bruce White, 
Wolfe Barry & Partners, 1, Lygon Place, Grosvenor Gardens, London, 
S.W.1. Sloane 0431 


NIGERIAN PORTS AUTHORITY 


NIGERIAN PORTS AUTHORITY, a recently created Public Corpora- 
tion offering attractive prospects, have a vacancy for a Port Engineer. 
Candidates must be between 35 and 45 years in age, Corporate Member 
of the Institution of Civil Engineers with experience preferably with a 
Port or Harbour Authority, construction and maintenance of docks and 
harbour works, building, permanent way and roads. Experience in elec- 
trical and mechanical appliances normally associated with port operating 
is most desirable. The work involved covers a wide field, including 
administration and control of the staff under him. 

The successful candidate will be directly responsible tc the Chief Engi- 
neer for his section of the Engineering Department. He will be required, 
in the first instance, to serve at Port Harcourt, where extensive new 
works are in hand by contract. 

Salary in the range £1,750—£1,900 per annum, plus £300 per annum 
Overseas Pay. Point of entry dependent on age and experience. Quali- 
fication Pay of £75 per annum non-pensionable for suitably qualified 
persons. 

Appointment for one tour in the first instance. 
satisfactory service, employment will be on a permanent basis. 
Contributory Pensions Fund. Tour normally 12/18 months. 
Leave on basis of 7 days for every completed calendar month of service. 
Free First-Class passages for officer and wife. Additional passages and 
allowances for children. 

Furnished accommodation provided at a reasonable rental. 

Write to the Crown Agents, 4, Millbank, London, S.W.1. State age, name 
in block letters, full qualifications and experience and quote 
M2B/42431/DU. 


NIGERIAN PORTS AUTHORITY has vacancies for TRAFFIC OFFICER 
INSTRUCTORS. Men of matured experience, aged 45 or above, or with 
at least twenty years’ practical experience in quay/shed work in a large 
scale port organisation. 

Applicants must be of a keen and energetic disposition and have requisite 
capacity and temperament for training Nigerian Staff. Knowledge of all 
aspects of cargo handling essential, including some years’ practical and 
supervisory experience in shed/quay work, customs and other docu- 
mentary procedures and the use of mechanical handling equipment. 
Successful candidates will be appointed on a contract basis for two or 
three tours. Salary will be £2,000 per annum consolidated with eligi- 
bility for a gratuity at the end of the period of service. 

Tours normally 12—15 months. Leave on basis of seven days for every 
completed month of service. Free first-class passages for officer and 
wife. Additional passages and allowance for children. Furnished accom- 
modation at reasonable rental. Car allowance and free medical attention. 
Write to the Crown Agents, 4, Millbank, London, S.W.1. State age, name 
in block letters, full qualifications and experience and quote 
M3B/43712/DU. 


to be 
{ 5th, 














Thereafter, subject to 
Non- 





Erratum—In the classified advertisement referring to vacancies ior 
TRAFFIC OFFICER INSTRUCTORS which we published for the 
NIGERIAN PORTS AUTHORITY in our November 1957 issue, we regret 
that an error occurred in the second paragraph. Salary per annum 
should have read £2,000 and not £2,200 as printed. 
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